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Serum IgE level is negatively correlated with the ability of
peripheral mononuclear cells to produce interferon gamma
(IFN+): evidence of reduced expression of H-RhRNA in
atopic patients
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Summary

Background In patients with atopic diseases such as bronchial asthma and atopic
dermatitis, an elevated serum IgE level is common. Several studies showed that inter-
leukin-4 (IL-4) and interferon-gamma (IRN are important for regulation of IgE
production.

Objectives The study was designed to examine the pathogenesis of an elevated serum IgE
level at the production levels of THype and TH-type cytokines.

Methods The production of interleukin-2 (IL-2), IL-4, interleukin-5 (IL-5) and IFNby
peripheral blood mononuclear cells (PBMCs) stimulated with phytohemagglutinin (PHA)
was analysed in 20 individuals with various serum IgE levels. The amount af IFRINA

in the stimulated PBMCs was analysed using a quantitative polymerase chain reaction
method.

Results Cytokine production was analysed simply as a function of serum IgE level. The
serum IgE level was negatively correlated with the amount ofylEMcreted by PBMCs
(n=20, R=-0.724,P<0.005) when logarithmically transformed data were analysed, but
were not or were only weakly correlated with those of IL-4, IL-2, or IL-5 secreted by these
cells (h=20). For investigation of the cause of reduced 4Fproduction in individuals
whose serum IgE level are high, the amount of {FNRNA was determined. The levels of
IFNy mRNA expression in the stimulated PBMCs correlated well with the amount of IFN
secreted by the PBMC# & 8, R= 0.947,P<0.001).

Conclusions Reduced IFN production ability due to reduced IFNMRNA expression in
PBMCs is associated with an elevated serum IgE level in atopic patients.
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by cytokines produced by T cells [7-12]. In particular,
stimulation with interleukin-4 (IL-4) is necessary for
Patients with atopic diseases characteristically exhibit eleexpression of germ-line Ctranscripts in B cells [7], and
vated serum IgE levels [1,2]. The basis for the increased Iginduces the class switch to IgE together with additional
synthesis in such patients has been investigated [3—6] buignals such as CD40-CD40 ligand interaction [13]. In
not completely clarified. It has been shown that the clasgontrast, interferon-gamma (IR inhibits in vivo andin
switch to IgE and production of IgE in B cells are regulatedvitro IgE synthesis in mice as well as IL-4 induced IgE
Correspondence: T. Fukao, Department of Paediatrics, Gifu Universitfymhegs. by_ human peripheral blood mononuclear cells
School of Medicine, 40 Tsukasa-machi, Gifu 500, Japan. (PBMCs)in vitro [7-12].
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Several investigators have shown that PBMCs fromreduced population of cells producing IFN[18] nor
patients with atopic dermatitis (AD) produce less N reduced IFN mRNA expression, and suggested that a
but more IL-4 than do PBMCs from healthy subjects uponpost-translational defect in IFNsecretion is responsible
mitogen stimulation such as with concanavalin A [3], for reduced IFN production [19]. Hence we undertook
phytohemagglutinin (PHA) [4,6], calcium ionophore plus this study to determine whether reduced 4FpNroduction
phorbol myristate acetate (PMA), and PHA plus PMA [5]. is due to reduced expression of lyNnRNA or a post-
Patients with Buckley’'s syndrome (hyper—IgE syndrome)translational defect as suggested by Tangl.

[14], a distinct clinical entity, also show defective produc- In the present study, we clearly showed that the serum
tion of IFNy by circulating T cells [15]. IgE level was negatively correlated with the level of H-N

Murine helper T cells are divided into two subsets,;TH production by PHA-stimulated PBMCs, and that the
and TH cells. The former produce interleukin-2 (IL-2) and reduced IFN production by PHA-stimulated PBMCs
IFNvy, and the latter produce IL-4 and interleukin-5 (IL-5) from individuals with high serum IgE level was due to
[16]. Such a dichotomy is also evident in human T cells,reduced IFN mRNA expression in them.
albeit to a less polarized extent than in murine T cells [17].

Hence, the reduced IFNproduction and elevated IL-4

production in atopic patients has been discussed mainly iMaterials and methods
terms of imbalance of THand TH, cells. However, to our

knowledge, there are few reports of studies in which IL-2Patients and control subjects

and IL-5 producthn in addition to IL-4 and !Fy\prpducuon Peripheral blood was obtained from 12 atopic patients (age
were assayed simultaneously. Hence in this study w . ;
%—16years) and eight control subjects (age 7 months—

investigated the relationship between serum IgE level an 6years). Patients with AD were diagnosed according to
production of TH-type and TH-type cytokines by PHA- the criteria of Hanifin [20]. The diagnosis of asthma was

stimulated PBMCs from 20 individuals with various serum made according to the criteria of the American Thoracic

IgE levels. Society. Table 1 summarizes serum IgE levels of patients

Tang et al reported _that reduced IF,I_\lprodugtlon _by and control subjects. None of the patients had undergone
PBMCs from patients with AD was associated with neither a : . :
reatment with systemic steroids. Informed consent was

obtained from all subjects or from their parents.
Table 1. Subjects analysed in this study

Cell cultures
Case  Sex Age Disease Serum IgE (U/mL) PBMCs were isolated from heparinized blood samples by
1 F  1lyear6months Control 25 Ficoll gradient centrifugation (Pharmacia), washed three
2 M 3 years Control 28 times in phosphate buffered saline and resuspended at
3 M 11 months Control 6.0 2x 1P cells/mL in RPMI1640 medium supplemented with
4 F 16 years Control 14.5 10% fetal calf serum heat-inactivated at’66for 30 min,
5 M 3 years Control 21.3 15mM HEPES, 2 mMc-glutamine, 100U/mL penicillin,
6 M 7 months Control 27.2 and 10Qug/mL streptomycin. Cells were stimulated with
7 F 2 years Control 85.2 10ug PHA in a volume of 1 mL in a round-bottom tube
8 M > years Control 186 (Falcon 2059) at 3T in a 5% CQ humidified atmosphere.
9 M 10 years BA 336 After 24-, 48- and 72-h stimulation, cells were harvested
10 M 10 years BA 700 .
11 F 3 years AD 728 and_ stored at —80:_ until use. Thg supernatants were
12 = 13 years BA 1400 subjected to cytokine assays. Simultaneouslys 1
13 M 9 years BA 1460 cells per 0.2mL culture medium were added to 96-well
14 M 3 years AD, BA 4037 round-bottom microtitre plates. After 24-h PHA stimulation,
15 F 11 years AD, BA 4433 0.5 uCi methyl-PH]-thymidine (Amersham) was added and
16 F 8 years AD, BA 7957 incubated for further 4 h, and thymidine incorporation was
17 M 1 year AD 10126 measured.
18 F 6 years AD, BA 10397
19 F 11 years AD 10565
200 M 16 years AD, BA 36847 IgE assay

Plasma samples from the heparinized blood were kept at
BA, bronchial asthma; AD, atopic dermatits; F, female; M, male. — 3C°. Plasma IgE concentrations were determined by
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Fig. 1. Time courses of cytokine secretion by 24-, 48- and 72- h PHA-stimulated PBMCs. The levels of serum IgE and cytokine secretion
were plotted logarithmically. We used PBMCs from a severe AD patient (serum IgE level 2500 I0/nK:), a mild AD patient (serum
IgE level 150 IU/mL,0—0) and a control subject (serum IgE level 9 IU/mA;—A).

chemiluminescent enzyme immunoassay. The values wel®-GATGCTCTTCGACCT CGAAACAGCAT-3 and

regarded as serum IgE concentrations. 10 pmol of oligo d(T) primer in 2@L of 50 mM Tris-HCI
(pH 8.3), 75mM KCI, 3mM MgCI2, 10 mM DTT, 1 mM

dNTPs and 20 U of RNasin (Pharmacia LKB Biotech).
Assays for cytokines

IFNy, IL-2, IL-4, and IL-5 were assayed using a human
IFNy ELISA kit (Ohtsuka, Japan), human IL-2 ELISA kit Quantitative PCR for human IFNmRNA
(Ohtsuka), The .Cytoscreen human IL-4 ELISA kit (Bio One microlitre aliquot of the above first strand cDNA
Source International), and IL-5 human ELISA system luti ith one of 10-fold dilution series of human
(Amersham), respectively. soution Wi .
IFNy PCR MIMICs (Clontech) was subjected to a
competitive PCR with human IFN Amplier Set
RNA extraction and reverse transcription (Clontech), according to the manufacturer’'s instructions.
The PCR product yields were analysed by electrophoresis

Total cellular RNA was extracted from the stimulated PBMCson a 2.0% agarose gel and visual inspection of EtBr-
using Isogen (Nippon Gene, Japan). Two microgram ofstained agarose gel. We estimated the amount of
total RNA was reverse transcribed at°@7for 60min  IFNy mRNA at the amount of MIMICs of which band
with 200 units of MMLV reverse transcriptase (GIBCO had the same intensity as that of the target humanylFN
BRL), and 5pmol of an IFN specific antisense primer cDNA.
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Fig. 2. Correlation between levels of serum IgE and cytokine secretion from PHA-stimulated PBMCs. Both variables were plotted
logarithmically.

Statistical analysis Correlation between serum IgE level and secretion level of

Pearson’s correlation coefficient (R) was used to calculate thIeFN7 from PHA-stimulated PBMCs

correlation between two random variables of logarithmically

transformed data. We investigated the relationship between serum IgE

level and level of IFN secretion by PHA-stimulated
PBMCs from 20 individuals with various serum IgE

Resuilts levels (Table 1). The level of IFNsecretion by non-PHA
. . : stimulated PBMCs was under the detection limit of our
Time courses of levels of cytokine secretion by PHA- . :
. assay €7.5pg/mL). The cytokine secretion levels were
stimulated PBMCs . ]
analysed simply as functions of serum IgE level. As

We investigated the levels of IFN IL-4, IL-2 and IL-5  shown in Fig.2(a), the serum IgE level was negatively
secretion by PHA-stimulated PBMCs from three individualscorrelated with the amount of IFNsecreted by the stimu-
at 24, 48 and 72 h after the start of the stimulation. As showrated PBMCs 1t =20, R=—0.724,P<0.001) when both

in Fig. 1(b),(c), the secretion of IL-4 and IL-2 peaked at 24 hvariables were plotted logarithmically. The reduced 4FN
of PHA stimulation for all individuals. The IF) (Fig. 1a)  secretion was not due to a poor lymphocyte proliferative
and IL-5 (Fig. 1d) secretion levels at 24 h of PHA stimula- response to PHA stimulation since the level of N
tion were almost the same as those at 48 and 72 h. Hence vgecretion was not correlated with the magnitude of the
used 24- h PHA stimulation to assay the secretion levels ofymphocyte proliferative responsen#£20, R=0.385,
these cytokines. P>0.1, data not shown).
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Fig. 3. Correlation between levels of cytokine secretion from PHA-stimulated PBMCs. Both variables were plotted logarithmically.

Correlation between serum IgE level and secretion levels ofwo of IFNy, IL-4, IL-2, IL-5. Although IL-4 inhibits IFNy
other cytokines by PHA-stimulated PBMCs production [21,22], no correlation between the levels of IL-
4 and IFNy was observed (Fig. 3a). Weak but significant
correlation was detected between secretion levels of TH
type cytokines, IFN and IL-2(Fig.3b, R=0.569,

=0.007) and tight correlation was observed between
those of TH-type cytokines, IL-4 and IL-5 (Fig. 3c,
R=0.818,P<0.001).

Serum IgE level and secretion levels of IL-4, IL-5, or IL-2
by stimulated PBMCs were logarithmically plotted in
Fig. 2(b—d). No or weak correlation was observed betwee
serum IgE level and secretion levels of ILakf 20,
R=0.397,P=0.084), IL-5 (=20, R=0.464,P=0.04),
and IL-2 =20, R=-0.341,P>0.1).

Correlation between secretion levels of cytokines Expression of IFf mRNA in PBMCs stimulated by PHA
Figure 3 shows the relationship between secretion levels dh order to examine whether the reduced 4Fdécretion by
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Fig. 4. Competitive PCR with PCR-MIMICs to quantify IFNMRNA. One-twentieth of the first-strand cDNA solution reverse transcribed
from 2ug of total cellular RNA was mixed with the amount of human FRCR-MIMICs shown under photographs, and amplified with
Human IFNy Amplimer Set. Arrows with white edges indicates equivalent points at where amounts of products of target cDiY/a(i&N
PCR-MIMICs were almost the same.

the stimulated PBMCs from individuals with high serum IgE checked by amplification of mitochondrial acetoacetyl-CoA
levels was due to the suppressed expression of the gfede  thiolase cDNA [23]. Since the levels of IRNsecretion by the

or not, we performed quantitative PCR with PCR-MIMICs. stimulated PBMCs ranged from 39.9 to 10800 pg/mL, a 10-
The efficiency of the reverse transcription in each sample wafold dilution series of MIMICs was used for evaluation of the

© 1998 Blackwell Science LtdClinical and Experimental Allergy28, 74—82
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10 — ones from healthy controls, upon stimulation of the PBMCs
o with mitogens [3—6]. Tangt al. divided subjects into groups
with severe AD, mild AD, and healthy controls and reported
n =38, R =0.947 that patients with the mild AD showed no difference in the
P <0.001 level of IL-4 and IFNy secretion by PHA-stimulated PBMCs
oo compared with healthy controls, whereas patients with severe
AD showed elevated IL-4 secretion and decreasedylFN
secretion compared with mild AD patients and healthy
controls [4]. Previous studies focused on the differences
between atopic patients and controls [3—6]. In the present
study, we did not divide the subjects into such groups, and
determined the levels of cytokine production by the PHA-
0.01 | o | | | | stimulated PBMCs as functions of the serum IgE level.
10 100 1000 10 000 100 000 Recently, Tanget al. observed similar correlations between
IFNy (pg/mL) serum IgE level and the level of IFNproduction by PHA-
stimulated PBMCs from asthmatic patients and healthy
Fig. 5. Correlation between level of IFNsecretion by the PHA-  controls [6]. This means that the correlation between the
stimulated PBMCs and amount of IFNMRNA in them. Both |evel of IFNy production and serum IgE level is reproducible.
variables were plotted logarithmically. Our data suggest that even among atopic patients, the lower
the level of IFNy production by PBMCs from an individual
amount of IFNy mRNA. Typical results of the competitive the higher the serum IgE level of the individual is. Based
PCRs are shown in Fig.4. In case 5 PBMCs, an equivalentn the present results, together with the fact thatFsn
point at which the amount of a target IFNNDNA was almost ~ suppress IL-4-induced IgE production, the level of {FN
the same as that of MIMICs was estimated to be 5 attomol@roduction by PBMCs was high in the individuals with low
between 10 attomole and 1 attomole, whereas such aserum IgE levels, possibly preventing overproduction of IgE.
equivalent point was estimated to be fGttomole in case In individuals with high serum IgE levels, insufficient IFN
18 PBMCs. Since the level of IFNsecretion and the amount production may result in lack of suppression of IgE produc-
of IFNy mRNA in case 5 PBMCs were about 270-fold andtion. Interestingly, the level of IF productionin vitro by
500-fold, those in case 18 PBMCs, respectively, the level otirculating T cells from hyper IgE syndrome (Buckley’s
IFNy secretion was expected to be closely related to the levedyndrome) patients was also found to be low [14].
of IFNy mRNA expression. Figure5 shows the correlation There are a few reports about IFMRNA expression in
between levels of IFi protein and IFy mRNA in eight the PBMCs of atopic patients with high serum IgE levels
casestf=8, R=0.947,P <0.001). Our results indicated that [19,26,27]. Tanget al reported that the level of IFN
reduced IFN secretion in individuals with high serum IgE mRNA expression in PMA/Ca-stimulated PBMCs from
levels was due to reduced IFNene transcription. patients with acute exacerbation of severe AD and from
healthy controls were almost the same [19], whereas the
level of IFNy secretion by PHA-stimulated PBMCs from
the patients was lower than that of healthy controls [18]. The
In the present study the serum IgE level was negativelybservation at the IFNsecretion level by Tangt al. [4] is
correlated with the level of IF) production by the PHA- relevant to our results, but the cause of the reducedyIFN
stimulated PBMCs and the production was apparentlysecretion in the PBMCs indicated by our results here is quite
regulated at the transcriptional level. different from that suggested by Taagal. [19]. Tanget al.

In mice, helper T cells are divided into two functionally suggested that reduced secretion of {AMas related not to
distinct subpopulations, THand TH cells. The former abnormal regulation of transcription, but rather to a post-
produce IL-2 and IFN, and the latter produce IL-5 and IL-4 translational defect of IFi secretion. Since our aim in the
[16]. The same concept applies human T cells, albeit to @resent study has been to find the primary cause of high
less polarized extent than to murine T cells [17, 24—25]. Weserum IgE level in atopic patients, it was important to
investigated the correlation between serum IgE level and thdetermine whether the reduced Wrroduction was due
levels of secretion of not only IFNand IL-4 but also IL-2  to a defect at the transcriptional level or a post-translational
and IL4 by PHA-stimulated PBMCs from 20 individuals defect as proposed by Taeg al. We showed that the level
with various serum IgE levels. of IFNy secretion was strongly correlated with the level of

Several investigators have reported finding that PBMC4FNy mRNA expression in PHA-stimulated PBMCs. In
from AD patients produced less IRNout more IL-4 than general, IFN production is considered to be regulated

[EEN
\

IFNy mRNA
(attomole/0.1ug total RNA)

©
[E=Y
\
[m]
m}

Discussion
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primarily by the rate of gene transcription [28—30] and IgE production and normalization of airway responsiveness
differences in cytokine mRNA levels reflect variations in by sensitized CD8T cells in a mouse model of allergen-
the number of cytokine-producing cells rather thaninduced sensitization and suggested that €D&ells play
increased transcription in each cell [31,32]. Our strategyan important role in the negative regulation of IgE produc-
of using total PBMCs did not allow clear demonstration of tion and IFNy may be a relevant mediator of the functions of
whether the reduced IFNmMRNA expression reflected a CD8" cells [34]. Further analysis is needed to determine
decrease in the THiike cell count or an intrinsic transcrip- whether CD4 and/or CD§ cells fail to produce IFN in
tional defect in TH-like cells. response to PHA stimulation in some atopic patients.

In the present study, the IL-4 secretion level was not In this study, we showed that the serum IgE level is
correlated with the serum IgE level. Even when our subjectsiegatively correlated with the level of IFNproduction by
were divided into atopic and control groups, no significantPHA-stimulated PBMCs. Since PHA stimulates T lympho-
difference in IL-4 secretion level was found between themcytes nonspecifically, the reduced H-Nroduction in total
(data not shown), whereas several investigators havEBMCs may reflect transcriptional suppression in a rather
reported that the level of IL-4 production by PBMCs from large population of T cells than allergen-specific T cells. We
atopic patients was higher than that from control subject@re planning to find out whether IFNproduction is also
[3,4]. These contrasting results may reflect differences ireduced in the case of antigen-specific stimulation of
subjects studied because most of the atopic subjects in tHeBMCs.
previous studies were phenotypically severe, whereas ones
with the present study included less .phenotypicallly SEVereacyknowledgements
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