IL-12 affects Dermatophagoides
farinae-induced IL-4 production by T cells
from pediatric patients with mite-
sensitive asthma
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Background: IL-12 is a critical cytokine in the regulation of with mite-sensitive bronchial asthma. (J Allergy Clin Immunol
immune responses produced by phagocytic cells exposed to 1999;103:850-8.)

microorganism infection.

Objective: We sought to study the effect of low doses and high
doses of IL-12 on T,; versus T, cytokine expression to eluci-
date the etiology of mite antigen—sensitive bronchial asthma in . . . .
infants. Allergic disease is caused by dysregulation of the
Methods: We studied the effect of IL-12 orDermatophagoides synthesis of such cytokines as IL-4, IL-5, and IL-10
farinae (Df) antigen—induced IL-4 production and subsequent  (but not IFNy) by allergen-activated CD4+ T cell$.
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production of IgE by PBMCs from pediatric patients with IL-12, a critical cytokine in the regulation of immune
asthma. responses produced by phagocytic cells, natural killer
Results: Simultaneous addition of 1 to 10 ng/mL IL-12 to cul- (N K) cells, mast Ce”s/basoph”S, andﬂﬁ cells/-9
tures enhanced Df-induced IL-4 production, although low enhances T-cell pro”feratiofﬁ),,ll induces cytotoxic T

doses (0.05 to 0.1 ng/mL) of IL-12 downregulated IL-4 produc-

lymphocyte and NK lytic activi§2 and costimulator
tion. Endogenous IL-12 is required for such production. These ymp Y Y ¥ Y

. 13 .
phenomena were not observed in Df-stimulated control Slgl?aﬁ,lsalrth auQmslms IFN-ptrOddli)Ctlor;] by T apd NK”
PBMC:s. In contrast, on stimulation with the same dose of Df, cells IS rap|_ y sec_re e_ y p agocy _IC cells
IFN-y production by patient PBMCs was enhanced in a dose- ~ €XP0osed to bacterial or viral infectidf.In naive T

dependent fashion by addition of IL-12. Quantification analy- cells, IL-12 initiates the differentiation of CD4+ T cells
sis of RT-PCR-amplified DNA fragments by laser-induced flu-  into T, cells secreting IFNx16

orescence showed that a high dose of IL-12 augments mRNA In allergen-specific human CD4+ T lymphocytes
expression for IL-4 protein synthesis, whereas a low dose of from allergic donors stimulated in vitro, IL-12 inhibited
IL-12 inhibits IL-4 mRNA expression, and that the signal of the development of IL-4 and IL-10 synthesis on stimu-

mRNA for IFN- y protein synthesis was increased on Df stimu- lation by allergen, whereas it enhances synthesis of
lation in a dose-dependent fashion. Df-induced in vitro produc- IFN-y and 1L-217 However, IL-12 exerts differential
_tlon of IgE z_ar)d Df-s_;pecmc IgE_|n serum from severe combined effects on the maturation of “naive” human CD4+ T
immunodeficient mice reconstituted with PBMCs were . L

cells isolated from umbilical cord blood or from the

increased by treatment with high doses of IL-12, whereas low L
doses of IL-12 inhibited that production. The combined results blood of healthy adults. In neonates after priming in the

indicate that at a low dose of IL-12, IL-4 and IFNy production presence of IL-12, cells develop into effector cells,

was regulated reciprocally; however, at high doses of IL-12, which produce high levels of IL-4 in addition to IRN-
cells produced IL-4 and IFNy simultaneously, and neither whereas unstimulated neonatal T cells preincubated
cytokine was regulated. with IL-12 behave like adult T cells, which acquire a
Conclusion: Low-dose and high-dose IL-12 induce J T,,1 phenotype after stimulation in the presence of IL-

responses, and high-dose IL-12 induces both,fresponses and 1218 |n established IL4—producing,§- and T,,-like
Tii2 O T o responses. Consequently, the IL-4 production may — p;an T-cell clones, IL-12 is known to potentiate the
overcome T,;-type cell activation of IgE production in patients production of IL-419
Asthmatic children have been shown to have the dis-
ease early in life, with most cases being largely or total-
- ly induced by mite antige#f-22Initiation of the disease
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soluble antibody against IL-4. Specific antigen-induced IL-4 activ-
ity in the culture supernatants was under minimum detection of
sandwich ELISA systems, as mentioned in the next section, proba-
bly because of extremely small amounts of IL-4 secreted. Therefore
IL-4 activity was evaluated by using IL-4—secreting cells.

To evaluate the effect of IL-12 on Df-induced IL-4 production,
the mononuclear cells from patients with mite-sensitive BA were
added to serially diluted recombinant IL-12 (R&D Systems, Inc,
Minneapolis, Minn) simultaneously with stimulation by ag/mL
dose of Df antigen (an optimal dose for IL-4 production) and then
nae (Df) antigen—induced IL-4 production and subse- cultured for 48 hours for IL-4 production. To further evaluate the
quent production of IgE by PBMCs from the patients requirement of endogenous IL-12 for Df-induced IL-4 production,
was studied. Df-stimulated cells were added to serially diluted anti-IL-12 anti-

body (R&D Systems, Inc) and then cultured for 48 hours to induce

IL-4—secreting cells. An ELISPOT assay was done, as described
METHODS above, to evaluate the ability of these cells to produce IL-4.
Subjects

PBMCs were obtained from 6 Japanese patients with BA (age":N'y production and assay
median, 6 years; range, 3 to 10 years; sex [M:F], 3:3). Five age- 10 examine the effect of IL-12 on Df-induced IFfproduction,
matched (age: median, 7 years; range, 3 to 13 years; sex [M:F], 3:cmononuclear cells (¥ 108) from patients with mite-sensitive BA
and 3 adult healthy subjects were used as the control group. Patierwere added to serially diluted recombinant IL-12 on stimulation
with active disease had recurrent episodes of asthmatic attacks aWith 0.1 or 1ug/mL doses of Df antigen in 1 mL of RPMI-1640
positive immediate skin reactions (as defined by an immediate whezmedium containing 4Qig/mL gentamycin and 2% heat-inactivated
response to a skin prick test; positive respors@,mm mean diam- pooled human serum in a culture tube (Falcon Plastic 2054). Then
eter) to house dust mite and Df antigen (mite 1; Torii & Co, Ltd, the cells were cultured for 3 days at 37°C in a 10% &@osphere.
Tokyo, Japan). Serum levels of total IgE were 1139 + 347 |U/mL Culture supernatants from the cells were harvested and assayed for
(mean + SEM; control subjects, 124 + 39 1U/mL), and serum IgE IFN-y by using a slightly modified version of a solid-phase ELISA,
scores against mite antig&has determined by RAST, varied from 3 s reported elsewhe?é Purified human IFN¢ (Japan Chemical
to 5 (control subjects, 0). The diagnostic criteria for BA used wereResearch Pharmaceuticals Co, Ltd, Kobe, Japan) was used as the
those defined by the American Thoracic Society. No patient had aistandard. Results are expressed as units ofylal- milliliter of
asthmatic attack at the time of the examination, and no patient wasupernatant with reference to a standard yFNhe sensitivity of
taking oral corticosteroids or any anti-allergy agent, such as ketothis sandwich ELISA assay was 1 U/mL.
tifen.24 The patients had more than 10 mild or moderate attacks pe .
year despite use of medications such as theophylline (15 to 24T°ta| IgE production by PBMCs
mg/kg/day),B,-agonists, or some combination thereof. The severity ~ Patient PBMCs (¥ 10°) were added to fig/mL Df antigen sus-
of acute exacerbations of asthma and disease severity were estimatpended in 1 mL of RPMI-1640 medium containingpgfmL gen-
according to the Guidelines for the Diagnosis and Management otamycin and 10% heat-inactivated pooled human serum in a culture
Asthma in the National Asthma Education Program Expert Panetube (Falcon Plastic 2054) and cultured for 9 days at 37°C in a 10%
Report by the National Institutes of Health. A mild attack was definedCO, atmosphere. To examine the effect of IL-12 on Df-induced IgE
as normal alertness, absent or mild dyspnea (patient was able to speproduction, patient cells were added to serially diluted recombinant
in complete sentences), absent or mild intercostal retraction, goolL-12 simultaneously with stimulation by lig/mL Df antigen and
skin color, end-expiratory wheezing only, and 70% to 90% of pre-then cultured for 9 days. Supernatants were collected for IgE activ-
dicted or personal best peak expiratory flow rate or fFEWormed ity and stored at —20°C until use.
consent was obtained from each patient or from a parent. These inve

tigations were formally approved by our institutional review board. ) y
reconstituted with human PBMCs

Mice Patient PBMCs (% 108) were suspended in the presence of 10

C.B-17-SCID mice were purchased from CLEA Japan Corp ug/mL Df antigen in 1 mL of serum-free RPMI-1640 medium in a
(Tokyo, Japan) and maintained under specific pathogen-free condiculture tube (Falcon Plastic 2054). After 4 hours’ culture at 37°C in
tions without prophylactic antibiotic treatment in the animal centera 10% CQ atmosphere, the cells were washed 4 times with PBS
of Saitama Medical School. Eight- to 12-week-old mice were usedand injected intraperitoneally in 50 of PBS into SCID mice by

Abbreviations used
BA: Bronchial asthma
Df: Dermatophagoides farinae
ELISPOT: Enzyme-linked immunospot assay
NK: Natural killer
RSV: Respiratory syncytial virus
SCID mice: Severe combined immunodeficient mice

Df-specific IgE production in SCID mice

in this study. means of a 23-gauge needle. In each experimerit(l cells were

. . injected. To examine the effect of IL-12 on Df-induced specific IgE
IL-4 production and counting of cells production, the Df-stimulated cells were treated with 0.05 or 10
secreting IL-4 ng/mL recombinant IL-12 and injected intraperitoneally into SCID

Mononuclear cells (¥ 105) were added to serial dilutions of Df mice. Th_e mice sera were collected _for Df-specific IgE activity on
antigen (Torii & Co, Ltd) or ovalbumin (Sigma, St Louis, Mo), sus- the day indicated in the Results section.
pended in 1 mL of RPMI-1640 medium containingi4mL gen-
tamycin and 10% heat-inactivated pooled human serum in a cultur
tube (Falcon Plastic 2054), and cultured for 2 days at 37°C in a lOU/IQE
CO, atmosphere. An enzyme-linked immunospot (ELISPOT) assay Total IgE activity for the culture supernatants and Df-specific
was done, as reported elsewh@?eto evaluate the ability of these IgE activity for the serum were measured by using a slightly modi-
cells to produce IL-4. The specificity of the ELISPOT assay for fied version of a solid-phase ELISA reported elsewfiére.
detecting IL-4—secreting cells was determined by inhibition with Microtiter plates (96-well; Linbro, Flow Laboratories, Inc,

Measurement of human total and Df-specific
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MaclLean, Va) were coated with 1p@/well goat anti-human IgE  RT-PCR technique, with each set of primers as follows: IL-4, sense
antibody (Cappel, Malvern, Pa) to measure total IgE or with 50primer 5-ATG GGT CTC ACC TCC CAA CTG CT-3" and anti-
ug/mL Df to measure Df-specific IgE in NaHG®uffer (0.1  sense primer 5-CGAACA CTT TGAATATTT CTC TCT CAT-3';
mol/L, pH 9.6) overnight at 4°C in a humidified box. A total of 100 IFN-y, sense primer 5 -ATG AAA TAT ACA AGT TAT ATC TTG
uL of the supernatant or 10-fold diluted serum from SCID mice perGCT TT-3" and antisense primer 5"-GAT GCT CTT CGA CCT
well was assayed. Purified human IgE derived from human myeloCGA AAC AGC AT-3"; andp-actin, sense primer 5-GTG CGT
ma cells or human serum with a high titer of Df-specific IgE was GAC ATT AAG GAG AAG C-3” and antisense primer 5"-CAT TTG
used as the standard. The goat anti-mouse IgG antibody used as CGG TGG ACG ATG GAG-3'. The sizes of cDNA fragments
second antibody was passed through a goat Ig— and human Ig—cccloned were 456 bp for IL-4, 494 bp for IRNand 497 bp fof-
pled Sepharose 4B column to prevent nonspecific binding with goaactin.30 The cDNA-containing plasmids were linearized with Ava |
and human Ig, after which it was diluted 200-fold for use. Resultsfor IL-4 or EcoR | for IFNy andB-actin, purified, and subjected to
are expressed as picograms per milliliter of IgE with reference to dn vitro transcription to generate complementary RNA (cRNA) by
standard lg. The sensitivity of this sandwich ELISA was approxi-using T7 RNA polymerase (Ambion, Inc, Austin, Tex), according to
mately 40 pg/mL for total and specific IgE. Levels of specific IgE the manufacturer’s instructions. Specificity of the cDNA fragments
against Df antigen in human serum were determined by RAST. for standard RNA synthesis and the RT-PCR products was con-
firmed by Southern blotting and hybridization with an internal
Reverse transcription oligonucleotide probe and digestive analysis with the following
Patient PBMCs treated with 0.05 or 10 ng/mL IL-12 were cul- restri_ction enzymes: Eco RV for IL-4, Dra | for IFand Sca | for
tured for 48 hours simultaneously with stimulation bygtmL Df ~ B-actin. o S
antigen, and then total RNA was extracted with Trizol reagent _'N€ contaminating DNA was removed by extensive digestion
(Gibco BRL, Gaithersburg, Md), according to the manufacturer's With RNase-free DNase |. The_resultlng CcRNA was quantltz_;\ted by
instructions, in a variation of a single-step acid guanidinium-thio- SPECtrophotometry and stored in 70% ethanol at ~80°C until use.
cyanate-phenol-chloroform RNA extraction metZdd. T
The total RNA (0.51g) and standard RNA at various concentra- PCR prOdUCt quantitation
tions were reverse transcribed in a total volume ofil2®y using Rhodamine-labeled PCR products were analyzed in a fluores-
4 U/uL Superscript Il (Gibco BRL), 1 Wl RNasin (Promega, cence-bioimage analyzer, which measured laser-induced fluores-
Madison, Wis), 2umol/L specific reverse transcription primer (IL- cence. The PCR product was diluted withdOof 0.5« Tris, boric
4,5-TGG TTG GCT TCC-3"; IFN; 5'-CAG TTC AGC CAT-3'; acid, Na EDTA (TBE) buffer in the same tube in which PCR was
andB-actin, 5'-GTG GAC GAT GGA-3"), and 0.5 mmol/L of each performed. Three microliters of the diluted PCR product was mixed
dNTP (Takara Biomedicals, Ohtsu, Japan) in RT buffer (50 mmol/LWith 1 UL of 4x loading buffer (25% glycerol, 5 mmol/L EDTA, and
Tris-HCI, 75 mmol/L KCI, 3 mmol/L MgCJ, and 10 mmol/L ~ 0.4% crystal violet) and electrophoresed on 6% polyacrylamide gel
dithiothreitol) at 42°C for 2 hours, respectively. The reaction mix- in 0.5 TBE buffer. The gel was then scanned with a green laser
tures were heated at 95°C for 5 minutes to terminate the action (332 nm) in the fluorescence-bioimage analyzer FMBIO-100

the reverse transcriptase. (Hitachi Software Engineering Co, Ltd, Yokohama, Jagaid¥The
digitalized imaging data were analyzed by using the FMBIO image

Conjugation of fluorescent dye to oligonu- analysis program (Hitachi Software Engineering Co, Ltd). The

cleotide primer amount of mMRNA in each PBMC sample was determined by com-

. ) parison of signal density with that of a standard curve generated
. Fluorescent dye Iabel_lng of PCR primers was performed aCCordfrom simultaneously amplified serial dilutions of standard RNA,
ing to the method described elsewhire. which were adjusted relative to the correspondiragtin signal to
PCR normalize for RNA levels used in the PCR reaction. Values repre-
sent the mean of 3 parallel PCR amplifications. The intra-assay

A 4-pL aliquot of the reverse transcription product was added to 2((jane-to-lane) coefficient of variation for the quantitation of identi-
HL of PCR reaction mixture containing 10 mmol/L Tris-HCl, 50 cal samples averaged 16.9%.

mmol/L KCI, 1.5 mmol/L MgC}, 0.001% gelatin, 0.5 U of Taq poly-
merase (Perkin Elmer, Foster City, Calif), @ol/L Rhodamine- Data analysis

labeled antisense primer (IL-4, 5’-rhodamine X isothiocyanate The gata obtained were analyzed with the 2-tailed Studeets
(XRITC) TCT CAG TTG TGT TCT TGG AGG-3"; IFNs 5~ for comparison with the control data. ARwalue less than .05 was
(XRITC) ACA TTC AAG TCA GTT ACC GA-3"; andB-actin,  considered significant.

5" (XRITC) ACT CGT CAT ACT CTT GCT TG-3"), and Ojfmol/L
sense primer (IL-4, 5"-ATG TGC CCG GGA ACT TTG TC-3’; IFN- RESULTS
Y, 5-CAG GTC ATT CAG ATG TAG CG-3’; anfl-actin, 5"-TGA . R R

AGT CTG ACG TGG ACA TC-3"¥9 PCR was performed in a ther- BlphaSI(f effect of IL-12 on Df'mfiuced "_"4
mal cycler 9600R (Perkin Elmer) after an initial denaturation at 94°cProduction by PBMCs from patients with
for 1 minute. Each thermal cycle consisted of denaturation for Imite-sensitive BA

minute at 94°C, annealing for 2 minutes at 65°C, and extension for :
minutes at 72°C. The final extension was at 72°C for 7 minutes
Amplification was repeated for 31 cycles for IL-4, 25 cycles for IFN-
y, and 20 cycles fd8-actin and resulted in generation of PCR products
of 149 bp, 265 bp, or 246 bp in size, respectively. All reactions were

As shown previously, a fig/mL dose of Df was capa-
ble of stimulating maximum production of IL-4 in
patients with active BA, and cells cultured for 2 days

performed in triplicate. induced the maximal response. These numbers of IL-
. 4—producing cells were approximately 3- to 5-fold high-
Synthesis of standard RNA er in patients with active asthma relative to the numbers

The cDNA fragments for standard RNA synthesis were clonedobserved in cultures of cells from nonasthmatic individ-
into pT7 Blue T-vector (Novagen, Madison, Wis) by means of theuals (Fig 1). The generation of IL-4—secreting cells by
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FIG 1. Df-specific induction of IL-4-secreting cells by mite-sensitive BA. Mononuclear cells (1 x 106) were
added to 1 ug/mL Df antigen in 1 mL of RPMI medium supplemented with 10% heat-inactivated pooled human
serum and cultured for 2 days at 37°C in a 10% CO, atmosphere. An ELISPOT assay was performed to evalu-
ate the ability of these cells to produce IL-4. Spots representing single IL-4-secreting cells that developed dur-
ing 4 hours of incubation at 37°C were counted with an inverted microscope. The specificity of the ELISPOT
assay for detecting IL-4-secreting cells was determined by inhibition with a soluble antibody to IL-4. *1, P <
.05 compared with normal individuals and patients with allergy to hen eggs; *2, .01 < P < .02 compared with
normal individuals.

Df(ug/ml) anti-IL12(ug/ml)
oo

0.1 0

1 0.01 T T .

0 5 10 15 20 25 30
Number of IL4 producing cells (/2x1 0° cells)

FIG 2. IL-12 is required for Df-induced IL-4 production. To evaluate the requirement for endogenous IL-12 for
Df-specific IL-4 production by mononuclear cells from patients with mite-sensitive BA, Df-stimulated cells
were added to serially diluted anti-IL-12 antibody and then cultured for 48 hours to induce IL-4-secreting cells.
An ELISPOT assay was performed, as shown in Fig 1. Data represent means + SEM of 6 independent experi-
ments with 6 different subjects. *P < .01 compared with untreated cells; **P < .001.

Df-stimulated lymphocytes was specific for relevant anti- tions of IL-12. High doses (1 to 10 ng/mL) of IL-12 were

gen (Fig 1). Addition of anti-IL-12 antibody to the cul- capable of enhancing Df-induced IL-4 production,

tures blocked Df-induced IL-4 production in a dose- whereas low doses (0.05 to 0.1 ng/mL) of IL-12 down-
dependent fashion (Fig 2). Thus endogenous IL-12 isregulated IL-4 production (Fig 3). These phenomenon
required for Df-induced IL-4 production. To determine were not observed in Df-stimulated control PBMCs (data
the direct effect of IL-12 on Df-induced IL-4 production, not shown).

Df-stimulated patient PBMCs were added to serial dilu- In contrast, patient PBMCs were cultured with 1
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FIG 3. Effect of IL-12 on Df-induced IL-4 production. To evaluate the effect of IL-12 on Df-induced IL-4 produc-
tion, mononuclear cells from patients with mite-sensitive BA were added to serially diluted recombinant IL-
12 simultaneously on stimulation with a 1 pg/mL dose of Df antigen and then cultured 48 hours for IL-4 pro-
duction. An ELISPOT assay was performed to evaluate the ability of these cells to produce IL-4, as shown in
Fig 1. Data represent means + SEM of 3 independent experiments with 3 different subjects. *P < .05 compared
with untreated cells; **P < .001 compared with untreated cells.
pg/mL Df for 3 days, after which IFN-activity in the 300 P

culture supernatant was measured by ELISA. As showr=
previously, IFNy production by Df-stimulated patient <
PBMCs decreased in an antigen-specific manner in com£ { | == 0.1 ng/ml Df
parison with unstimulated PBMCs (_Fig 4). Addition of =200 | —e- 1 ug/ml Df
IL-12 to the cultures enhanced Df-induced Iflgro- 1
duction in a dose-dependent fashion (Fig 4), wherea:
cells cultured for 5 days induced the maximal response
Thus IL-12 was capable of increasing Df-induced NFN-
production.

Effect of IL-12 on Df-induced mRNA for IL-4
production

To verify the increasing effect of IL-12 on Df-induced
IL-4 production at messenger levels, expression of
mRNA by IL-12—-treated cells on stimulation with Df
antigen was quantified by laser-induced fluorescenceriG 4. Effect of IL-12 on Df-induced IFN-y production in patients
analysis of RT-PCR-amplified DNA fragments after size with BA. To examine the effect of;L-12 on Df-induced IFN-y pro-
fractionation through PAGE. Standard RNA was serially duction, mononuclear cells (1 x10°) from patients with mite-sen-
diluted (l@ to 10 copies per tube) and amplified by RT- sitive BA were added to serially diluted recombinant IL-12 simul-

I . - p p it / p y taneously with stimulation by 0.1 or 1 ug/mL doses of Df antigen
PCR in triplicate. As shown in Fig 3, we observed a in 1 mL of RPMI medium supplemented with 2% heat-inactivated
linear increase of the fluorescence signal with the RNApooled human serum and then cultured for 3 days at 37°C in a
template input over a range of %003 copies to 1. :10% Cozdat”:jOSPhefe(-j f“':::\‘f S“P?'_“ata'_‘ts ff°”|‘_dthi Ce”SEI‘_’;’gr
108 copies of standard RNA per 20 of RT reaction. ~ h2rvested and assayedfor{Fil-yactivity with a solid-phase :

. . Results are expressed as units of IFN-y per milliliter of super-
Results in Flg 5B, and Table | are expressed as the COPYnatant referenced to a standard IFN-y. Data are expressed as the
number of IL-4 or IFNy per 0.5ug of total RNA mean of triplicate trials in a representative experiment of 4 inde-

obtained from 1x 10° cultured cells with reference to pendent experiments with 4 different subjects. *P < .01 compared
standard RNA with unstimulated cells; #P < .001 compared with IL-12-untreated

The fluorescence signal of IL-4 mRNA in unstimulat- cells.

ed cells from patients was 3x1104 copies per 0.3ug

total RNA, whereas on Df stimulation, this mRNA level

was increased (Fig B, and Table 1). On treatment with that at high doses IL-12 is capable of augmenting mRNA
a low dose of IL-12 (0.05 ng/mL), the signal was expression for IL-4 protein synthesis (although low doses
decreased, but it was increased on treatment with a higof IL-12 inhibit the expression). These phenomena
dose of IL-12 (1 and 10 ng/mL). These results indicateobserved at the mRNA level were similar to those

b ©— none

s/m

IFN-gamma production (u

T | I 1 I I
0 0.01 005 0.1 05 1 10
treatment with riL12 (ng/ml)
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FIG 5. Effect of IL-12 on Df-induced mRNA expression of IL-4 and IFN-y production. To verify the increasing
effect of IL-12 on Df-induced IL-4 and IFN-y production at messenger levels, patient PBMCs were added to 0.05
or 10 ng/mL recombinant IL-12 simultaneously with stimulation by 1 ug/mL of Df antigen and then cultured
for 48 hours. The amount of mMRNA for IL-4 and IFN-y in each PBMC sample was quantified by analysis of RT-
PCR-amplified DNA fragments by laser-induced fluorescence. Results are expressed as copy number of IL-4
or IFN-y per 0.5 pg of total RNA obtained from 1 x 106 cultured cells. A, Standard RNA was diluted serially and
amplified by RT-PCR in triplicate. A linear increase of the fluorescence signal with the RNA template input was
observed over a range of 2.0 x 103 copies to 1.2 x 108 copies of standard RNA per 20 pL of RT reaction. B, The
fluorescence signal of mRNA for IL-4 in unstimulated cells from patients was 3.1 x 104 copies per 0.5 ug total
RNA (lane 1), whereas signals were increased on Df stimulation (lane 5). On treatment with a low dose (0.05
ng/mL) of IL-12 (lane 6), the extent of the signals was decreased, whereas treatment with a high dose (1 and
10 ng/mL) of IL-12 (/anes 7 and 8) increased the signal. In contrast, the signals of mRNA for IFN-y protein syn-
thesis were increased on Df stimulation in a dose-dependent fashion (/anes 1 to 4 and 5 to 8). Data are
expressed as a representative experiment of 3 independent experiments with 3 different subjects. Lanes F, G,
J, and K: standard RNA; (-): negative controls; lanes 1 to 8: refer to Table I.

observed in Df-induced IL-4 protein secretion. In con- Effect of IL-12 on Df-induced IgE production by

trast, the signals of mRNA for IFM-protein synthesis PBMCs from patients with mite-sensitive BA

were increased on Df stimulation in a dose-dependent

fashion (Fig 5B, and Table I). The total copy number  Because previous stud®@s&4clearly indicated that IL-

of IL-4 or IFN-y mRNA amplified by RT-PCR in total 4 is an essential factor for IgE synthesis, we investigated
RNA from the cultured cells per tube was similar to thatwhether the effect of IL-12 on IL-4 production is attrib-
found in 0.5pg of total RNA (data not shown). The utable to the IgE synthesis. The results presented in Fig 6
copy number of3-actin mRNA in each sample was show that IL-12 suppressed Df-induced IgE production
amplified by RT-PCR (Fig 5B), and the results per atlow doses (0.01, 0.05, and 0.1 ng/mL), whereas at high
B-actin were similar to those in Oy of total RNA  doses (10 ng/mL), IL-12 increased production of the
(data not shown). same.
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FIG 6. Effect of IL-12 on Df-induced IgE production. To examine ® Df-stimulation
the effect of IL-12 on Df-induced IgE production, patient PBMCs (1 * A
x 108) were added to serially diluted recombinant IL-12 simulta- Df+0.05ng/ml of IL12
neously with stimulation by 1 ug/mL Df antigen and then cultured AZOOO_ ¢ Df+10 ng/ml of IL12
for 9 days at 37°C in a 10% CO, atmosphere in 1 mL of RPMI medi- =
um supplemented with 10% heat-inactivated pooled human > i
serum. Total IgE activity for the culture supernatants was mea- 31 500
sured by solid-phase ELISA. Data are expressed as means + SEM “5,
of 3 independent experiments with 3 different subjects. #, *P < (__) i
.01; ¥**P < .05 as compared with untreated cells. “5 1000
a
P
8 5004
TABLE 1. The effect of IL-12 treatment on expression of
IL-4 or IFN-y mRNA
Df IL IFN 01 ' ' ' ' ' '
_ A4 Y 0 1 2 3 4 s 6
Patient (1 pg/IL- mRNA mRNA o
no mL) Treatment (x104) (x104) Weeks after reconstitution
1 - None 31 0.3 FIG 7. Effect of IL-12 on Df-specific IgE production and Df-specific
2 - 0.05 ng/mL IL-12 2.1% 1.5% IgE production in SCID mice reconstituted with human PBMCs. A,
3 - 1 ng/mL IL-12 0.6* 2.1* Patient PBMCs (1 x 107) were suspended in the presence of 10
4 — 10 ng/mL IL-12 0.7% 2.6% ug/mL Df antigen in 4 mL of serum-free RPMI-1640 medium in
5 + None 6.4* 0.8* vitro. After 4 hours’ culture at 37°C in a 10% CO, atmosphere, the
6 + 0.05 ng/mL IL-12 2.9t 17t cells were washed 4 times with PBS and then injected intraperi-
7 + 1 ng/mL IL-12 8.0t 20t toneally in 500 pL of PBS into SCID mice. On the day indicated in
8 + 10 ng/mL IL-12 9.8t 100t the Results section, the mice sera were collected, and Df-specific

IgE activity of the serum was measured with a solid-phase ELISA
by using plates coated with Df at 50 ug/mL. Data represent means
+ SEM of 6 independent experiments with 6 different subjects. *7,
P=.305; *2, P=.035; *3, P=.005; *4, P=.029; *5, P=.030; *6, P
=.159 compared with unstimulated cells. B, To examine the effect
of IL-12 on Df-induced specific IgE production, the Df-stimulated
cells were treated with 0.05 or 10 ng/mL of recombinant IL-12 in
vitro. The cells were injected intraperitoneally into SCID mice, and
To verify this phenomenon in Df-specific IgE produc- df-specific IgE activity of the serum was measured as shown in A.

tion, Df-specific IgE in serum from SCID mice reconsti- A representative datum from 3 independent experiments is
tuted with PBMCs from a patient with Df-sensitive BA shown because the da?a varied, although the results were similar.

was measured with an ELISA. Mice reconstituted with =~ 00" compared with [L-12-untreated cells.

unstimulated patient PBMCs significantly produced Df-

specific IgE 1 week after reconstitution (FigAJ, Mice-

transferred Df-pulsed patient cells also produced similafrom the antibody used in the ELISA) or Df antigen for
levels of specific IgE at that time, and the activity 3 hours at room temperature. The remaining IgE activity
increased significantly 3 weeks after reconstitution a<of the serum treated was evaluated with ELISA. The IgE
compared with unstimulated cells; afterwards the IgEactivity decreased in both sera compared with untreated
production decreased gradually until the sixth week (Ficsera (percent inhibition, approximately 90%). In con-
7,A). To verify the specificity of IgE production, the sera trast, sera treated with anti-IgG polyclonal antibody did
were treated 3 times in a 96-well, flat-bottom plate coat-not show decreased activity (data not shown). The com-
ed with anti-Igg mAb (from Yamasa in Japan, differed bined data indicate that serum obtained from Df-pulsed

Data show the mean of mRNA copies perjg5otal RNA in triplicate
assays in a representative experiment (see legend for Fig 5).

*p < .05 compared with patient 1.

1P < .05 compared with patient 5.
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PBMC-transferred SCID mice is specific for both IgE develop an allergy, such as BA, early in life when recur-
and Df antigen. rently infected with microorganisms that induced IL-12
To evaluate the effect of IL-12 on Df-specific IgE pro- production by such primitive cells as phagocytic cells.
duction, Df-pulsed patient PBMCs were treated with IL- We demonstrated that endogenous IL-12 is required for
12 and then were transferred to SCID mice. A 0.05Df-specific IL-4 production by mononuclear cells,
ng/mL dose of IL-12 suppressed the Df-specific IgE pro-whereas exogenous IL-12 had a different effect on anti-
duction, whereas a 10 ng/mL dose of IL-12 was capablggen-induced IL-4 and IFN-production depending on

of increasing the production (Fig B). whether low-dose or high-dose IL-12 is added to the cul-
tures. Therefore extremely low levels of IL-12 (<0.05
DISCUSSION ng/mL) might be induced by allergen-stimulated

mononuclear cells, and IL-12, produced by infected

In neonatal cells both }-type and T;-type cells were  cells, likely modulates the amount of IL-4 produced by
activated when the cells were exposed to 1118 Zhis allergen-activated mononuclear cells.
process may cause susceptibility to infection and inocu RSV infection is an infectious disease of the respira-
lation early in life and increases the side effects seen itory tract seen in neonatés41l Because some patients
infection35-37In contrast to the susceptibility, the initia- experience recurrent wheezing after RSV infection,
tion and augumention of IL-4 production in the activatedattention has been directed to progression of the disease
cord blood T cell&.38implies that infants exposed to an to BA.42 After RSV infection, lymphocytes acquire spe-
allergen, such as Df antigen, may have allergic diseasecific susceptibility to Df and food antigens, particularly
mediated by IL-12 secreted by infected cells, such asvalbumin, probably by secreting such cytokines as IL-4,
phagocytic cells, NK cells, and T cell§;when infect-  which is capable of inducing, J- or T,s-type cells3
ed recurrently with some microorganism early in life. In Activation of T,;, T,», or T, cells*445involved in the
this study we investigated the influence of IL-12 on Df immune response in allergic reactions is likely to be
antigen—induced ,b. or T,o-type cell activation, espe- induced in lymphocytes after RSV infection, resulting in
cially IL-4 secretion, and subsequent IgE production byan increase in secretion of cytokines (eg, IL-2, IL-3, GM-
using PBMCs from young patients with Df antigen—-sen-CSF, IL-4, IL-5, IL-6, and IFNy), with a consequent
sitized BA. Indeed, the high-dose IL-12 induced IL-4 imbalancé® being likely. Production of IL-12 by RSV-
production by Df-activated PBMCs from pediatric infected cells may involve the production of these
patients allergic to mite antigen, which is similar to the cytokines because high, but not low, doses of IL-12 are
increase in IL-4 production observed in neond®3¥.  capable of inducing IL-4 and IgE production in Df-acti-
This phenomenon was verified by the results of mRNAvated lymphocytes from children with mite-sensitive BA,
analysis with a fluorescence-bioimage analyzer measuras shown in this study. If lymphocytes from infants dis-
ing laser-induced fluorescence of rhodamine-labelecposed to allergy whose lymphocytes were activated by
PCR produc and by subsequently induced IgE pro- allergen are infected with a virus such as RSV, high doses
duction by the patient cells. These indicated that at a lovof IL-12 produced by RSV-infected cells may cause
dose of IL-12, IL-4 and IFNsproduction are regulated atopic disease, particularly after recurrent exposures to
reciprocally, and that at high doses of IL-12, cells pro-allergens. Thus we showed that in pediatric patients with
duced IL-4 and IFN¢simultaneously, and both cytokines asthma, low-dose and high-dose IL-12 inducg T
were unregulated. In vivo high doses of IL-12 producedresponses, and high-dose IL-12 induces both T
by infected cells are likely to induce both;Tand T,,- responses and,_J or T, responses. Consequently, the
type cells or Jg-type cell activation in privileged sites of IL-4 production may overcome,J-type cell activation
infection, and consequently the IL-4 production may of IgE production. Given further study, we should be able
overcome TJ;-type cell activation. to elucidate the phenomena that IL-12 levels after infec-

In contrast, it is reported that addition of a high dosetion, including RSV infection in infants in vivo, are com-
(10 ng/mL) of IL-12 at time periods after initial antigen parably high, as demonstrated in vitro by the ability to
stimulation resulted in less inhibition of IL-4 production support the development of a,lor T, phenotype.
by allergic donor—derived CD4+ T cells, which were  We believe the present observations shed light on the
activated with PHA and phorbol myristate acetate beforepathogenesis, and potentially the prevention, of allergic
IL-4 productionl” However, it was clearly demonstrated diseases in infants.
thgt IL-12 can stimulate IL-4 pr.oductlon in regall, but NOt e thank Mrs K. Nakane, BS, Mr K. Kennmoti, BS, and Mr. T.
primary, immune responses without stimulation of mito- nayajima, BS, for technical assistance.
gen, including PHA and phorbol myristate acetate in this
study, or in activated neonatal c€ls38The difference in
experimental procedures may reconcile the previousREFERENCES
reportl? IL-12 may initiate the disease process or 1. Wierenga EA, Snoek M, de Groot C, et al. Evidence for compartmental-
enhance the susceptibility already initiated in genetically :ﬁ‘;:%‘;grigg%“‘l’x'jgsbfifs of CD2+ T lymphocytes in atopic patients. J
susceptlblg |nd|V|duaIs at the sites of mf,eCtlon' . 2. Kapsenberg NiL, V\.Iierenga; EA, Bos JD, Jansen HM. Functional subsets

If these in vitro observations are appllcable cllnlcally, of allergen-reactive human CD4+ T cells. Immunol Today 1991;12:392-
infants exposed to an allergen acquired the nature t .



858 Noma and Yoshizawa

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. Kay AB. T lymphocytes and their products in atopic allergy and asthma.26

Int Arch Allergy Appl Immunol 1991;94:189-93.

. Bradley LM, Croft M, Swain SL. T-cell memory: new perspectives.

Immunol Today 1993;14:197-9.

. Adachi T, Motojima S, Hirata A, Fukuda T, Makino S. Eosinophil viabil-

ity-enhancing activity in sputum from patients with bronchial asthma:

contributions of interleukin-5 and granulocyte/macrophage colony-stim-28.

ulating factor. Am J Respir Crit Care Med 1995;151:618-23.

. Noma T, Yoshizawa |, Kou K, et al. Pattern of cytokine production by T
cells from adolescents with asthma in remission, after stimulation with29.

Dermatophagoides farina@ntigen. Pediatr Res 1995;38:187-93.

. Romagnani S. Induction of TH1 and TH2 responses: A key role for the

‘natural’ immune response? Immunol Today 1992;13:379-81.

. Trinchieri G. Interleukin-12 and its role in the generation of TH1 cells.

Immunol Today 1993;14:335-8.

. Haas W, Pereira P, Tonegawa S. Gamma/delta cells. Ann Rev Immunc

1993;11:637-85.

Bacchetta R, de Waal Malefijt R, Yssel H, et al. Host-reactive CD4+ and
CD8+ T cell clones isolated from a human chimera produce IL-5, IL-2,
IFN-y and granulocyte/macrophage-colony-stimulating factor but not IL-
4. J Immunol 1990;144:902-8.

Bertagnolli MM, Lin BY, Young D, Herrmann SH. IL-12 augments anti-
gen-dependent proliferation of activated T lymphocytes. J Immunol
1992;149:3778-83.

Cesano A, Visonneau S, Clark SC, Santoli D. Cellular and molecular
mechanisms of activation of MHC nonrestricted cytotoxic cells by IL-12.
J Immunol 1993;151:2943-57.

Chen C, Nabavi N. In vitro induction of T cell anergy by blocking B7 and
early T cell costimulatory molecule ETC-1/B7-2. Immunity 1994;1:147-
54.

D’Andrea A, Rengaraju M, Valiante NM, et al. Production of natural 35.

killer cell stimulatory factor (interleukin 12) by peripheral blood
mononuclear cells. J Exp Med 1992;176:1387-98.
Wu CY, Demeure C, Kiniwa M, Gately M, Delespesse G. IL12 induces

the production of IFN-g by neonatal human CD4 T cells. J Immunol 37.

1993;151:1938-49.

McKnight AJ, Zimmer GJ, Fogelman |, Wolf SF, Abbas AK. Effects of 38.

IL-12 on helper T cell-dependent immune responses in vivo. J Immunol
1994;152:2172-9.
Marshall JD, Secrist H, DeKruyff RH, Wolf SF, Umetsu DT. IL-12

inhibits the production of IL-4 and IL-10 in allergen-specific human 39.

CD4+ T lymphocytes. J Immunol 1995;155:111-7.

Shu U, Demeure CE, Byun DG, Podlaski F, Stern AS, Delespesse G40.

Interleukin 12 exerts a differential effect on the maturation of neonatal
and adult human CD45R0- CD4 T cells. J Clin Invest 1994;94:1352-8.
Jeannin P, Delneste Y, Life P, Gauchat JF, Kaiserlian D, Bonnefoy JY.

Interleukin-12 increases interleukin-4 production by established humar41.

ThO and Th2-1like T cell clones. Eur J Immunol 1995;25:2247-52.
Burrows B. The natural history of asthma. J Allergy Clin Immunol
1987;80:373-7.

Richard E. Recent observations reflecting increases in mortality from
asthma. J Allergy Clin Immunol 1987;80:377-9.

Matsui T, Baba M. Death from asthma in children. Acta Pediatr Jpn
1990;32:205-8.

Miyamoto T, Johansson S, Ito K, Horiuchi Y. Atopic allergy in Japanese

subjects: studies primarily with radioallergosorbent test. J Allergy Clin 44.

Immunol 1974;53:9-14.
Noma T, Yoshizawa |, Baba M, Yata J, Akasaka T, Maeda K. Effect of

ketotifen on antigen-induced interleukin 2 (IL-2) responsiveness in lym-45.

phocytes from patients with atopic dermatitis and/or bronchial asthma.
Int J Immunopharmacol 1990;12:269-77.

Noma T, Yoshizawa |, Aoki K, Yamaguchi K, Baba M. Cytokine produc- 46.

tion in children outgrowing hen egg allergy. Clin Exp Allergy
1996;26:1298-307.

27.

30.

31.

32.

33.

34.

36.

42.

43.

J ALLERGY CLIN IMMUNOL
MAY 1999

. Macy E, Kemeny M, Saxon A. Enhanced ELISA: how to measure less
than 10 picograms of a specific protein (immunoglobulin) in less than 8
hours. FASEB J 1988;2:3003-7.

Chomczynski P, Sacchi N. Single-step method of RNA isolation by acid
guanidinium-thiocyanate-phenyl chlorofrm extraction. Anal Biochem
1987;162:156-9.

Chehab FF, Kan YW. Detection of specific DNA sequences by fluores-
cence amplification: a color complementation assay. Proc Natl Acad Sci
U S A 1989;86:9178-82.

Melby PC, Darnell BJ, Tryon VV. Quantitative measurement of human
cytokine gene expression by polymerase chain reaction. J Immunol
Methods 1993;159:235-44.

Lagoo-Deenadayalan S, Lagoo AS, Barber WH, Hardy KJ. A standard-
ized approach to PCR-based semiquantitation of multiple cytokine gene
transcripts from small cell samples. Lymphokine Cytokine Research
1993;12:59-67.

Porcher C, Malinger M-C, Picat C, Grandchamp B. A simplified method
for determination of specific DNA or RNA copy number using quantita-
tive PCR and an automatic DNA sequencer. Biotechniques 1992;13:106-
13.

Ishino Y, Mineno J, Inoue T, et al. Practical applications in molecular
biology of sensitive fluorescence detection by a laser-excited fluores-
cence image analyzer. Biotechniques 1992;13:936-43.

Pene J, Rousset F, Briére F, et al. IgE production by normal human lym-
phocytes is induced by IL-4 and suppressed by interfeyonsnd
prostaglandin E-2. Proc Natl Acad Sci U S A 1988;85:6880-4.

Vercelli D, Jabara HH, Arai K, Geha RS. Induction of human IgE syn-
thesis requires interleukin 4 and T/B cell interactions involving the T cell
receptor/CD3 complex and MHC antigens. J Exp Med 1989;169:1295-
307.

lidirim 1, Sapan N, Cavusoglu B. Comparison of BCG vaccination at
birth and at third month of life. Arch Dis Child 1992;67:80-2.

Whitley RJ. Neonatal herpes simplex virus infections: pathogenesis and
therapy. Pathol Biol (Paris) 1992;40:729-34.

Shapiro CN. Epidemiology of hepatitis B. Pediatr Infect Dis J
1993;12:433-7.

Wu CY, Demeure CE, Gately M, et al. In vitro maturation of human
neonatal CD4 T lymphocytes. I. Induction of IL-4-producing cells after
long-term culture in the presence of IL-4 plus either IL-2 or IL-12. J
Immunol 1994;152:1141-53.

Sandifold B, Spencer B. Respiratory syncytial virus in epidemic bron-
chiolitis of infants. Brit Med J 1961;2:881-2.

Monto AS, Bryan ER, Rhodes LM. The Tecumseh study of respiratory
illness. VII. Further observations on the occurrence of respiratory syncy-
tial virus andMycoplasma pneumoniaefections. Am J Epidemiol
1974;100:458-68.

Henderson FW, Clyde W Jr, Collier AM, et al. The etiologic and epi-
demiologic spectrum of bronchiolitis in pediatric practice. J Pediatr
1979;95:183-90.

Rooney JC, Williams HE. The relationship between proved viral bron-
chiolitis and subsequent wheezing. J Pediatr 1971;79:744-7.

Noma T, Mori A, Yoshizawa |. Induction of allergen-specific IL-2 respon-
siveness of lymphocytes after respiratory syncytial virus infection and
prediction of onset of recurrent wheezing and bronchial asthma. J Aller-
gy Clin Immunol 1996;98:816-26.

Yokota T, Arai N, de Vries J, et al. Molecular biology of interleukin 4 and
interleukin 5 genes and biology of their products that stimulate B cells, T
cells and hemopoietic cells. Immunol Rev 1988;102:137-45.

Mosmann TR, Coffman RL. TH1 and TH2 cells. Different patterns of
lymphokine secretion lead to different functional properties. Annu Rev
Immunol 1989;7:145-73.

Maggi E, Parronchi P, Manett R, et al. Reciprocal regulatory effects of
IFN-y and IL-4 on the in vitro development of human Thl and Th2
clones. J Immunol 1992;148:2142-7.



