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Figure 5. RT—-PCR and western blot analysis for TNC variants in NHLF with
Th2 cytokine stimulation. (A) TNC mRNA expression in NHLF was examined
with RT—PCR. Subconfluent NHLF were stimulated with 100 ng/m1 IL-13 for
72 h. After mRNA extraction and cDNA synthesis, PCR was performed with a
pair of primers designed to differentiate alternatively spliced mRNA of TNC.
The PCR products were electrophoresed on 1% agarose gel. M: 1kb DNA
marker and Lane 1: NHLF (left side). The structure of the FN-III domain in
the human TNC gene is shown (center). F: forward primer and R: reverse
primer. Comesponding protein molecular weights (M.W.) are indicated to
the right. (B) Western blot analysis of NHLF culfre samples stimulated
with IL-4 or with IL-13 for 72 h. The samples were electrophoresed in 4—
20% Tris—glycine gels and clectrotransferred in PVDF membrane. Immuno-
blotting was performed with the rat anti-TNC monoclonal antibody. The
relative intensity of TNC protein was quantified with NIH Image and is
shown at the bottom. Lane 1 represents NHLF without stimulation. Lanes
2—4 represent NHLF stimulated with IL-4 at the concentrations of 100, 200
and 400 ng/ml, respectively. Lanes 5~7 represent NHLF stimulated with
IL-13 at the concentrations of 100, 200 and 400 ng/ml, respectively.

Biosystems). We also utilized the SNP information from the
database of SNPs by Japanese Science and Technology
Agency database (JSNP). Intragemc pammse LD in the
TNC locus was examined by measuring 7* among 22 SNPs.
The pairwise LD and haplotype were evaluated using the
SNPAlyze 3.1 software (Dynacom Co. Ltd, Chiba, Japan).
Position SNPs were numbered according to their position rela-
tive to the published genomic sequence containing the TNC
region (GenBank accession no. AL162425), and position 1
is the adenine of the first methionine of TNC. The panel of

Human Molecular Genetics, 2003, Vol. 14, No. 19~ 2785

10 SNPs was genotyped with the multiplex PCR-Invader .
assay or Tagman genotyping system as described prevmus]y o
@7. To mvestlgate the pattern of LD in and around the
TNC locus, pairwise LD coefficients were calculated andv
expressed as [D[ or r. We evaluated the LD cxtensmn of
the TNC genomic region with 48 SNPs registered in JSNP
by genotyping 1041 general Japanese subjects. o

Statistical analysis

Allele frequencies in bronchlal asthma and controls were com- "
pared by the contingency ¥ test. A P-value of less than 0.01,
after Bonferroni adjustment in case of multiple comparisons,
was considered to be statistically significant. The OR and
95% CI were also calculated. Haplotype frequencies were esti-
mated by the expectation-maximization algorithm.

TNC immunohistochemistry

TNC immunohistochemistry was performed essentially as

previously described (24). Fresh human lung tissues were

obtained and embedded in paraffin from patients undergoing

surgery; informed consent was obtained. Asthmatic lung

specimen was obtained from autopsied lung. The sections

were deparaffined and endogenous peroxidase activity was .
quenched with 0.3% H,0, in methanol for 20 min. Non-

specific staining was blocked with blocking buffer [10%

normal goat serum and 1% bovine serum albumin in

phosphate-buffered saline (PBS)] for 30 min. The rat anti- -
human TNC antibody (10 pg/ml) was applied and reacted.

overnight at 4°C. After PBS washing, slides were incubated
with HRP-conjugated anti-rat IgG antibody for 30 min. The
slides were developed with DAB (Dojindo, Kumamoto,
Japan) in Tris-buffered saline with 0.05% H,O.. '

Computer modeling of TNC Fn-III-D protein structure

To examine the effect of amino acid substitution at position
1677 in the Fn-IlI-D domain, protein strctural modeling:
was performed using MOE software (Chemical Computing
Group Inc., Montreal, Canada). The coordinates of the
225 A crystal structure of the chicken TNC Fn-III domain
(PDB accession no. P24821) were used as a template for
homology modeling of the human TNC Fn-lII-D domain.
The two structures were further minimized with AMBER 94
using MOE software. Both Leul677 Ile variants of the TNC
Fn-TII-D domain were built up using the same program.

RT-PCR and western blotting analysis for TNC variants
detection

Subconfluent NHLF were stimulated with 100 ng/ml IL-13 for
72 h and mRNA was isolated using a QuickPrep micro mRNA
purification kit (Amersham, Uppsala, Sweden). cDNA was
made with the SuperScript III First-Strand Synthesis System
(Invitrogen, Carlsbad, CA, USA) using oligo(dT),o primer.
RT-PCR was carried out for 5 min at 95°C for initial denatur-
ing, followed by 35 cycles of 95°C for 60 s, 52°C for 60 s, and
72°C for 120 s, in the GeneAmp PCR System 9700 (Applied
Biosystems). The primer TNC-3089: ACCGCTACCGCCT
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CAATTACA ‘and TNC-5331: GGTTCCGTCCACAGT
TACCA were set to distinguish mRNA variants due to alterna-
tive splicing (13). The PCR products were electrophoresed in
1% agarose gel and distinct bands were excised. DNA was
extracted from the excised bands with a DNA Gel Extraction
Kit (Millipore, Tokyo, Japan) and subcloned into pCR II-
TOPO cloning vector (Invitrogen). The subcloned inserts
were read by sequencing. For western blotting, subconfluent
NHLF were stimulated either with IL-4 or with IL-13 for
72 h at the concentration indicated in Fig. 5. The NHLF
were solublized with SDS sample buffer (50 mM Tris—HCI
pH6.8, 2% SDS, 20% glycerol, 0.4% bromophenol blue,
50 mM DTT). SDS—PAGE and subsequent immunoblotting
were performed as previously described (21).

SUPPLEMENTARY MATERIAL
Supplementary Material is available at HMG Online.
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Abstract

Background: A single nucleotide polymorphism {SNP)
C-509T within the tumor growth factor §1 (TGFB1) gene
has been associated with atopic asthma and asthma se-
verity. To further understand the mechanisms involved,
the association of C-509T with allergy, T-lymphocyte
proliferation and plasma TGFB1 concentration has been
explored in a case-control study with allergic and non-
allergic subjects. Methods: The recruited subjects in-
cluding allergic (n = 38} and nonallergic {n = 25} partici-
pants have been genotyped for C-509T using allele
discrimination assay. Association of C-509T with allergy
status was examined using logistic regression analysis
in both dominant and recessive models. Association of
C-508T with T-cell proliferation in control and antigen-
stimulated peripheral blood mononuclearcells (PBMCs),
plasma TGFR1 and total IgE level were tested by multiple
regression analysis. Results: Individuals with homozy-
gous mutant TT genotype showed a higher risk of al-
lergy (TT: odds ratio = 5.099, 95% confidence limit: 1.355—
19.180, p = 0.016) after covariates were adjusted. A trend

to increased plasma TGFB1 in subjects with T allele has
been discovered. In the meantime, the T allele is associ-
ated with lower T cell proliferation in controls and max-
imum response to above antigens. A low T-cell prolif-
eration is correlated with higher plasma TGFB1
concentration {p < 0.01). The in vitro studies confirmed
the suppressing effect of TGFB1 on T-cell proliferation at
physiclogical range. A significant inhibitory effecton iL-
4 production was also observed. Conclusions: A C toT
base change in TGFB1 SNP C-509T has been associated
with a higher risk of allergy. The mechanisms are not
clear. Elevated TGFR1 levels associated with the C-509T
polymorphism might suppress immune activation as
well as Th2 cytokine production. '

D Copyright :£ 2008 S. Karger AG, Basel

introduction

Allergic diseases such as asthma, allergic rhinitis and
atopic dermatitis have been considered as complex poly-
genic disorders resulting from a combination of genetic
and environmental factors. In past vears, a lot of efforts
have been pursued to look for possible genetic compo-
nents contributing to allergies and asthma [1-4]. Studies
from our group and others have indicated that tumor
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growth factor B1 (TGFB1) is a promising candidate gene
whose genetic polymorphisms may play a key role in al-
lergic diseases [5-10]. Among reported genetic polymor-
phisms in the TGFB gene, a Cto T base exchange at =509
position in the promoter region was associated with ele-
vated levels of total IgE in allergic asthma patients in our
previous study [8]. Two subsequent independent case-
control studies in relatively large populations reported
the association of variant T allele with asthma, and even
with asthma severity [5, 6]. The exact role and possible
mechanisms involved are still not clear.

TGFRI is a 25-kDa disulfide-linked homodimeric
multifunctional cytokine., With respect to its diverse ac-
tivities in normal cell growth and development, TGFB!
might be the most important growth factor in immuno-
modulatory effects because knockout mice died of mas-
sive inflammatorv lesions [7]. Both anti-inflammatory
and inflammatory properties have been reported [8]. In
the present case-control study including allergic and non-
allergic subjects, we have been able to further study the
significances of the TGFB! C-509T genetic polymor-
phism in alfergic diseases, its association with TGFB!
production, immune modulation activity reflected from
antigen-stimulated T-cell proliferation in peripheral
blood mononuclear cells (PBMCs), and even regulatory
effects on cytokine production.

Patients and Methods

Subjects .

Adult volunteers either with a history of atopy or allergic dis-
eases, e.g. allergic rhiunitis, atopic dermatitis, and asthma, or no al-
lerpy (healthy individuals) have been reernited. Atopy or allergy
status was determined based on identified allergen through positive
skin test or allergen-specific IgE test, and allergic symptoms. To
avoid possible confounding effects for T-cell proliferation to anti-
sen., patients with other discases especially an immune deficiency,
allergic patients with a history of immunotherapy. and patients who
have taken steroids or other immunosuppressive agents at least 3
days before blood drawing met the exclusion criteria. All subjects
signed informed consent with National Jewish Institutional Review
Board approval before being enrolled and donating blood.

Genotyping

Peripheral venous blood was obtained {rom each subject. Ge-
nomic DNA was extracted from whole blood using the QlAamp
blood kit (QIAGEN, Santa Clarita. Calif.. USA). Briefly. blood cells
were first lysed, and supernatant containing genomic DNA was
mixed with ethanol and applied to QlAamp spin column. After
washing several times, purified genomic DNA attached in column
was eluted finally in TE buffer.

The allelic discrimination assay using the ABI PRISM 7700
Sequence Detection Svstem {AB Apphied Biosystems, Foster City,

Int Arch Allergy tmmunol 2005:138:151-160

Calif., USA) has been developed for genotyping of TGFBR1 C-509T
(HUgn0007040). Primers used for amplification of DNA fragments
are: forward primer at position -572~-551 (-CATGGGAGGT-
GCTCAGTAAAGG-), reverse primer at position —-437-~-454
(-GGTAGGAGAAGAGGGTCTGTCAAC-). Probe | containing
allele C at position —-519~-494 was linked with reporter dye FAM
(6-carboxyfluorescein) at the 5’ end and black hole quencher
{Biosearch Technologies) at the 3 end: -CCCTTCCATCCCT-
CAGGTGTCCTGTT-. Probe 2 confaining allele T instead of C
was labeled with reporter dye 6-JOE (6-carboxy-4’.5'-dichloro-
2’ 7'-dimethoxyfluorescein). Each reaction contains 25 pl of Tag-
man Universal Master Mix (AB Applied Biosystems), 900 ndf of
forward and reverse primers in concentration, 100 ndf of probe 1
and probe 2 in concentration. and 200 ng of genomic DNA in 50 pl
total volume. Thermal cycling conditions for allelic discrimination
assay are: 2 min at 50°C, 10 min at 95°C for AmpliTag Gold Ac-
tivation, and 40 cycles of 15 s at 95°C for denaturing and 1 min at
60°C for annealing/extension. Ra for a given reaction tube, defined
as the ratio of the emission intensity of the reporter dye over the
emission intensity of the passive relerence, was obtained. The rela-
tive Rn value of FAR to JOE reporter dye for each reaction was
utilized to separate CC (1.1-1.43), CT (0.74-1.1) and TT (0.30-
0.74) after adjustment with non-template control based on the 95%
confidence limits in each group. Duplicate experiments have been
performed confirming reproducibility. Three distinet groups for
CC, CT and TT have been recognized based on our setup thresh-
olds.

Cell Culture and Cell Proliferaiion

PBMCs. were isolated from human heparinized venous blood
by density gradient centrifugation on Ficoll-Paque {(Amersham,
Uppsala, Sweden), and washed three times in HBSS (Gibeo, Grand
Island, N.Y.. USA). Purified PBMC's were suspended in complete
RPMI 1640 medium {Gibco), which was supplemented with 5%
heat-inactivated fetal calf serum (Gemini Bio-Products, Calabasas,
Calif,, USA)Y. 200 U/ml penicillin, 200 pg/ml streptomyein, 50 pg/
mi gentamicin, 4 md L-glutamine (Gibeo), 10 mM HEPES (Sig-
ma). I mAf sodium pyruvate (Gibeo), 0.1 mAf nonessential amino
acid {Gibeo), and 30 A 2-mercaptoethanol.

To assess lymphocyte proliferation response, PBMCs were cul-
tured at a concentration of 10° cells/well in 96-well flat-bottom
plates in a volume of 200 wl. PBMCs were incubated with medium
control; tetanus toxoid {Aventis Pasteur, Swiftwater, Pa., USA) at
concentrations of 0.02, 0.07, and 0.2 lac-forming units {(LFUym;
timothy (pollen) Phleum prarense allergic extract (Bayer, Elkhart,
Ind., USA) at concentrations of 4, 40, and 400 PNU/mi, and stan-
dardized cat hair allergic extract (Fel d1; ALK, Horsholin, Den-
mark) of L. 10, and 100 BAU/ml. On day 6. 1.0 pCiswell [*H] thy-
midine (Amersham, Arlington Heights, [, USA) was added to
100 pl of cell culture and incubated for 6 additional hours. Cells
were finally harvested onto filter paper disks via a multiwell har-
vester and radivactivily {(counts/min) counted with a 1450 Micro-
beta Plus Liquid Scintiliation Counter (Wallace, Orange, Calif.,
USA). All samples were run in {riplicate.

To assess the effect of TGFB1 on cell proliferation, PBMCs were
also cultured at a concentration of 10° cells/well in 96-well flat-bot-
tom plates in a volume of 200 pl for 6 days. Human recombinant
TGFBR1 (R&D Systems, Minneapolis, Minn., USA) was added as
indicated in the Results, Radioactivity was counted as described
above.

Meng/Thongngarm/Nakajima/Yamashita/
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To assess the effect of TGFBI1 on cytokine production. PBMC
were cultured at a concentration of 10° cells/well and treated as de-
scribed in the Results. Supernatant was collected at 48 h, and IL-2,
IFNw, 11-4 were measured using ELISA assays.

Plasma TGFB1 Measurement

Plasma was first isolated from heparinized venous blood by den-
sity gradient centrifugation on Ficoll-Paque and further centrifuged
at 3.000 g for 10 min to eliminate platelets, and then frozen at
~70°C. Plasma TGFB1 was measured using the TGFf1 ELISA Kit
(Biosource, Nivelles, Belgium). Based on the manufacturer’s in-
struction, latent TGFB1 was first extracted from platelet-depleted
plasma, and incubated with biotinvlated anti-TGFB! in TGFB1-
antibody-coated wells for 3 h as well as TGIB1 standard and dilu-
ent control. Streptavidin-HRP working solution was added for
30 min after thorough washing. Stabilized chromogen solution was
finally added to each well for 30 min and terminated by stopping
solution before absorbance (optical density, OD) wus detected at a
wavelength of 450 nm. The concentration of plasma TGFB1 was
calculated after deriving from a standard curve, The minimum de-
tectable dose of TGFRI is 15.6 pgy/ml. Duplicate experiments have
been performed.

Plasrie Total IeF Measurement

Plusma total IgE was measured using the ELISA kit from
ALerCHEK (Portland. Maine, USA). According to the manufac-
turer’s instructions, 20 pl of standard IgE and plasma sample were
diluted with 80 wl of specimen diluent and incubated in anti-hu-
man IgE-coated microwells for 60 min at room temperature, After
thorough washing with washing buffer, 100 pl of HRP-conjugated
goal anti-human [gE was added for another 60 min. Finally, 100 pl
of TMB/peroxide substrate were incubated for 30 min after an-
other thorough washing and terminated by 0.5 ¥ sulfuric acid be-
fore OD at 450 nm was determined. Total IgE concentration (1U/
ml) in plasma was derived from the constructed standard curve.
Duplicate experiments have been performed.

Cytokine Assays

1L-2.IFNv and I1-4 production in cell culture supernatants was
measured using ELISA kits (Biosource) with a sensitivity of <3 pg/
mi, 0.03 [U/ml, and 2 pg/mnl. respectively, According to the instruc-
tions. standard. control and samples from supernatant were incu-
bated in specific-antibody-coated microwells together with anti-
body conjugate for 2 h at room temperature on a horizontal shaker
set. After thorough washing, 200 pl of freshly prepared chromo-
genic solution were pipetted into each well and incubated for
15 min at room temperature on a horizontal shaker set before
50 pl of stop solution were added. The OD value at 450 nm was
read, and plasma concentrations of cytokines were calculated based
on standard curves finally.

Statistical Methods

Statistical analyses were performed using SAS software version
9.1.3. Balance of categorical variables regarding gender, race, eth-
nicity, genotype and allele frequency between allergy and non-al-
lergy groups was tested using the ¥* test or Fisher’s exact test in
PROC FREQ. The Hardy-Weinberg equilibrium for TGFg1 C-
SO9T allele frequency was calculated according to Thompson et al.
[9]. Logistic regression was utilized to find the association between
the TGFR1 C-309T genotype and allergy status, while gender (male

TGFB1 Polymorphism C-509T and
Allergy

or female), race (White, Asian or Black) and TGFB1 C-509T geno-
type (CC and CT, or TT only) has been considered in model build-
ing. Backward selection with slentry = 0.2, slstay = (.2 options was
used to remove low-risk factors. To adjust for possible confounding
nfluences in the association of the C-509T genotype with numeri-
cal variables such as T-cell proliferation, stepwise-wise selection
with slentry = 0.2 and slstay = 0.2 has been run with race, gender,
allergy status, and TGFB!1 C-509T genotype entered in multiple
regression models. Regression diagnostics have been performed to
make sure that no violation of assumption oceurs. Pearson’s cor-
relation coefficient has been used to estimate correlations between
two numerical variables. Nonparametric approaches (the Kruskal-
Wallis test and Wilcoxon’s two-sample test) have been applied for
multiple comparison among groups. p values less than 0.05 are
considered as statistically significant.

Results

We recruited 63 volunteers including 38 with a his-
tory of allergic or atopic diseases and 25 normal subjects.
All of them are nonsmokers. The properties of the re-
cruited population are summarized in table 1. There is
no significant difference between allergy and non-allergy
groups regarding the composition of gender, race, ethnic-
ity (x* test or Fisher’s exact test, p > 0.05) and age (Wil-
coxon’s rank sum test, p > 0.05). The allele frequency of
TGFB1 C-509T is consistent with the Hardy-Weinberg
equilibrium ()(2 = 3.93, p> 0.1). Except for medium and
phytohemagglutinin (PHA) control, T-cell proliferation-
stimulated by tetanus toxord and timothy allergy is sig-
nificantly higher in the allergy group than in the non-al-
lergy group, There is a trend towards an increase in T-cell
proliferation for cat hair allergen in the allergy group al-
though it is not statistically significant {p = 0.0710). -

Association of the TGEBI C-509T Genotype with

Allergy ,

The association of the TGFB1 C-309T genotype with
allergy was examined using logistic regression. The pos-
sible covariates such as gender (male or female) and race
{White, Asian or Black) have been considered and were
removed according to the selection criterion (see Statisti-
cal Analysis). In the recessive model, the allergy status
was associated with the TT genotype (odds ratio = 5.099,
95% confidence limits 1.353-19.190, p = 0.016). How-
ever. there is no significant association between allergy
status and CC in the dominant model (odds ratio=0.823,
95% confidence limits (.26-2.383, p = (0.7199). This sug-
gests that the TT variant of the TGFBI1 gene at promoter
-509 is associated with increased risk of allergy in hu-
mans.
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Table 1. Subject characteristics (mean and SD})

Allergy No allergy Total p value
Subjects 38 25 63
Age, years 36 (10 38(12) 3611 0.5737
Sex, W

Female 58 52 56 0.6450
Race, %

White 79 68 75

Asian 16 a2 22

Black b ¢ 3 0.2725
Ethnicity. %

Non-hispanic 89 100 94

Hispanic 11 0 6 0.0937
TGFRI C-509T genotype, %

CC 37 44 40

T 53 20 40

TT 11 36 20 0.0158
TGFB1 C-509T allele frequency, %

C 63 54 60

T 37 46 40 09114
Timothy allergy, %

Yes 84 0 51 <0.0001
Cat allergy. %

Yes 38 0 35 <(.0001
CPM for control 8.49 (1.64) 8.12(1.34) 8.34(1.52) (0.2243
CPM for tetanus toxoid 9.70(1.13) 9.04(1.12) 9.44(1.16) 0.0216
CPM for cat hair allergen 9.19(1.36) 8.59 (1.13) 8.95 (1.30) 0.0710
CPM for timothy allergen 936 (1.15) R.79 (1.08) 9.13{1.15) 0.0409
CPM for PHA 11,45 (0.66) 11.45 (0.5 11.45(0.60) (.8088
Total JoL 1.58(0.75) 0.84(0.72) 1.32 (0.82) 0.0009
Plasma TGFR1L, ng/ml 3106047 3.16 (0.41) 3.12(0.45) 0.6014

Racial and ethnic classification is according to the standard used in Census 2000. For age and other numerical
data. meuns (SD) are shown. Values for CPM and total plasma IgE are natural logarithmic transformed. Wilcox-
on’s rank sum score test was used for comparisons between allergy and non-allergy groups.

Association of TGFBI C-309T with Plasma TGFpI

Level

To understand the possible mechanisms associated
with the above finding, the association of C-509T with
plasma TGFp1 levels has also been estimated using mul-
tiple regression. The results indicated that there 1s a trend
to higher plasma TGFB1 concentration in the presence
of T at the C-509T allele (CC: 3,008.34 £ 369.96, CT:
3,143.76 = 529.17. and TT: 3,312.66 % 386.55 pg/ml).
However, statistically significant differences could not be
shown ineither the dominant model (CConly: p=0.1198}
or the recessive model {TT only: p = 0.1346) while pos-
sible covariates such as allergy, gender. age and race have
been adjusted for. The hypothesis that a higher concen-
tration of plasma TGFB1 in the TT genotype accounts

Int Arch Allergy Immunol 2005:138:151-160

for the association of C-509T with allergy may need to be
verified in larger studies in the future.

Association of the TGFBI C-509T Genotype with

T-Cell Proliferation in Human PBMCCs

With respect to the importance of TGFBI in the im-
munomodulation of allergen-induced cell proliferation,
the association of the TGFB1 C-509T genotype with an-
ligen-stimulated cell proliferation in human PBMCs has
also been examined using multiple regression analysis.
Based on selection rules, the adjusted variables are listed
in table 2 asindicated. Outcomes including unstimulated
cell proliferation {medium control) and cell proliferation
induced by maximum tetanus toxin, cat hair allergen and
timothy allergen extracts showed a negative relationship
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Table 2. Association of the TGFB1 C-509T genotype with T-cell proliferation and IgE (n = 63)

Outcomes (In value) Adjusted variables . Regression coefficients for  tvalue . p value
Lo TT or CC (mean % SE) ' .

TT {recessive) .
CPM for medium control White -1.26+0.48 -2.64 0.0127-
CPM for tetanus toxoid Black -1.04£0.34 -3.08 0.0031 -
CPM for cat hair allergen cat allergy, White -1.02x0.41 -2.50 0.0152
CPM for timothy allergen grass allergy, White -0.93+0.36 -2.55 0.0134 -
CPM for PHA age, White -0.07+0.192 -0.37 07132
Plasma Igk allergy 0.003+0.26 0.01 0.9902

CC {dominant)
CPM for medium control age. White. Asian 1.20%0.37 3.25 0.0019
CPM for tetanus toxoid age, allergy 0.70£0.28 2.48 0.0139
CPM for cat hair allergen White. cat allergy 0.67£0.32 2.07 (.0429
CPM for timothy allergen White, grass allergy 0.8420.29 295 .- 0.0047
CPM for PHA age. Asian 0.03£0.16 0.19 . (.8464
Plasma IgE allergy 0.07+0.20 0.34 0.7376

with TT (p < 0.05) in the recessive model except for PHA.
Conversely, the T-cell proliferation had a positive rela-
tionship with CC in the dominant model (p < 0.05) ex-
cept for PHA. These results indicate that the C-T muta-
tion is associated with reduced T-cell proliferation in geo-
eral. We have used the stimulation index ({ratio of
antigen-stimulated cell proliferation over control) as re-
sponse variable for tetanus toxin, cat allergen and timo-
thy allergen. Neither the TT nor the CC genotype was
correlated with antigen-specific cell proliferation (data
not shown), suggesting that suppression might not be an-
tigen specific.

The analysis for the association of the TGFR1 C-509T
genotype with plasma total IgE indicates that IgE 1s ap-
parently not associated with the TGF C-509T genotype
{p = 0.9902 for TT and p = 0.7376 for CC). The C-509T
genotype does not exhibit an allergy-status-dependent
difference {p = 0.5676 > 0.05 for TT and p = 0.6718 >
0.05 for CCY1n IgE level.

Effect of TGFBI on T-Cell Proliferation

We also tested whether higher concentration of plasma
TGEFB! s correlated with lower T-cell proliferation ca-
pacity (fig. 1). From the graphs. negative associations of
the plasma TGFB1 concentration with natural log-trans-
formed value of control, tetanus toxoid. cat allergen. tim-
othy allergen, and even PHA-stimulated cell proliferation
were found. Total IgE seems not to be associated with
plasma TGFB1 amounts. After adjusting for possible co-
variates such as gender, race and age in multiple regres-

TGFB1 Polymorphism C-509T and
Allergy

Tabie 3. Regression analysis of T-cell proliferation and IgF with
plasma TGFB! concentration adjusted for gender, age, and race
(n=63)

Outeomes Regression coeffi- Lvalue value
{In value) cients for TGFBI1
(mean * SE), x 1073

CPM for medium control ~ ~-1.573+£0.4251 ¢ =370, 0.0005
CPM for tetanus toxoid ~-0,808+0.3354 -241 00196
CPM for cat hair allergen  ~1.239£0.3711  -3.34  0.0016
CPM for timothy allergen  -0.970£0.3317. -2.92 0.0051
CPM for PHA ~0.356£0.1924 -1.85 0.0705
Plasma IgE -0,138£0.2291 " 0.6 0.5483

sion models, the linear correlation still exists (table 3).
These results support our hypothesis that human subjects
with the T allele in the TGFB1 C-509T genetic polymor-
phism suppressed immunological activity resulting prob-
ably from higher TGFB1 production.

Furthermore, recombinant human TGFB1 was added
at three different concentrations (32 and 3.2 ng/ml and
32 pg/ml) simultaneously in in vitro studies while PBMCs
were culiured in the presence of tetanus toxoid (0.02
LFU/ml) as a stimulator. TGFBI significantly inhibited
cell proliferation at 32 ng/ml (p = 0.012) with a dose-re-
sponse trend {(fig. 2) consistent with a suppressing effect
of TGFB1.
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Infiibiting Effect of TGFBI on Cytokine Production

Cytokines have been considered to be very important
in regulating T-cell proliferation. The inhibitory effect of
TGFB1 on cytokine production was further siudied in
vitro, PBMCs were incubated in the presence of 10 pg/ml
PHA and 10 ng/ml phorbol 12-myristate 13-acetate with
TGFB1 at four different concentrations (32 and 3.2 ng/
ml, and 320 and 32 pg/ml) for 48 h. Supernatant was col-
lected and measured for 1L-4, IL-2 and IFNy using
ELISA. Figure 3 showed that TGFB ! significantly inhib-
ited 114 synthesis even at 320 pg/ml (p = 0.004). How-
ever, the effects of TGFB1 on 11-2 and IFNy production
were not statistically significant (data not shown). The
suppressing effect of TGFB1 on ¢ytokine production, es-
pecially of the Th2 type, may be involved in the associa-
tion of the TGFJ 1 genotype with reduced immunological
activities.

Discussion

TGFER belong to a super family of about 40 structur-
ally related polypeptide growth factors [10]. Perturbation
of the TGFB superfamily has been implicated in various
human diseases, e.g. cancer, angiogenesis, fibrotic diseas-
es, and atherosclerosis, due to their mediation of many
key events in normal growth and development including
cellular differentiation, proliferation, motility, organiza-
tion and death [11]. TGFBI is one of the best-studied

TGFR1 Polymorphisim C-509T and
Allergy
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Fig. 3. Inhibition of 114 synthesis by TGFB1. PBMCs were stim-
ulated with PHA 10 pg/ml and 10 ng/ml phorbol 12-myristate 13-
acetate (PMA) in the presence of TGFBI (1 = 5).

factors in mammalian tissues. The role of TGFB1 in asth-
ma and allergic diseases has also been well documented
in the literature [12]. Increased TGFR! expression in
asthma has been repeatedly reported. Overexpression of
TGFB1 mRNA and proteins in bronchial biopsies from
subjects with severe and moderate asthma has been ob-"
served compared with controls without asthma [13-15]. -
In asthmatic airways, TGFB 1 mRNA expression mainly
produced from eosinophils was related to the degree of
disease severity, subepithelial fibrosis and airway remod-
eling [13, 14, 16]. '

The genetics of atopy and asthma has been a very in-
teresting research area in past years. Deciphering secrets
in genetic variations related to allergy and asthma devel-
opment may greatly benefit our efforts in the prevention
and treatment of asthma and allergic diseases. The can-
didate gene approach, in which genes of relevance to the
physiological changes of the disease process are tested for .
direct involvement with the disease, has been success-
fully applied to link genetic variation in the promoter re-
gion of a number of cytokine genes to asthma and allergic
diseases. The promoter region of the TGFB1 gene has
been characterized showing regulatory impacts on tran-
scriptional processes [17]. Our previous work demon-
strated that a TGEFB1 promoter polymorphism at C-509T
with the TT homozygote genotype is linked to allergic and
asthmatic patients with elevated serum IgE [18]. Two
case-control independent studies in relatively large popu-
lations of white individuals also found the association of
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variant T allele with asthma, even with severity of asthma
[5, 6, 19]. In our present study, the T variant of the ge-
netic polymorphism TGFR1 C-509T is significantly as-
sociated with allergy status. These results consistently
support our hypothesis that the TGFB1 T allele genotype
is an important risk factor in allergy development.

C 1o T base change is located in the region of the pro-
moter associated with Yin Yang-1 activator consensus
sequence. It has been reported to increase promoter func-
tion using luciferase constructs [20]. The T allele has been
demonstrated to enhance the YY1 binding site on the
TGFB1 promoter region and may account for the in-
creased transeription of TGF [6]. The C-509T polymor-
phism was significantly associated with increased concen-
tration of latent TGFBI in serum in a human study [21].
Our present results also showed an increased trend of
plasma TGFBI to the T allele. Limited sample sizes and
differences in population properties may explain the lack
of statistical significance in this study. It is reasonable to
deduce that subjects with the T allele may display a high-
erlevel of TGFB1 in other tissues such as respiratory air-
ways or skin. The observed overexpression of TGFBI.e.g.
in bronchial biopsies of asthmatic patients as discussed
betore, may at least partly result from their enhanced ca-
pacity to produce TGFB1 determined by their genetic
components such as the T allele mutation in C-509T, al-
though a feedback mechanism from the inflammatory re-
action in asthmatic patients cannot be excluded.

It has been well known that immunological activity
plays a crucial role in initiating and developing allergic
reactions in response to allergens. In mice. knockout stud-
ies with TGFB1 indicated that TGFB1 might be one of
the most important growth and regulatory factors in the
immune system becaunse the knockout mice died of mas-
sive inflammatory lesions [22]. However, the evidences
about its effects in the immune system seem confusing
and contradictory. Its anti-inflammatory effect has been
demonstrated by inhibiting the proliferation of T and B
tymphocytes [23, 24]. On the other hand. TGFB! has
been found to be a growth factor by inducing proliferation
of macrophages, dendritic cells, and even T cells [25. 26].
Our present study indicates that a C to T mutation at the
TGFB 1 genetic polymorphism C-509T is correlated with
suppressed T-cell proliferation in vivo. This suggests that
subjects with the T allele in the absence or presence of al-
lergy demonstrated reduced lymphocyte response after
exposure to allergen, even at the basic level. Increased
production of TGFP1 seems to be one of the reasons,
since the plasma TGFBI concentration is negatively cor-
related with the degree of T-cell proliferation, and TGFBI1

Int Arch Allergy Immunol 2005:138:151-160

suppresses T-cell proliferation in vitro at physiological
concentrations. Homan subjects with the T allele may
own a relatively lower immune activity due to more
TGFB1 inside their body.

Allergic diseases are aberrant immune responses to an-
tigen mainly mediated by IgE. Our previous study indi-
cated that the C to T base exchange is associated with
elevated IgE in atopic asthmatic patients. However, oth-
er studies did not confirm our findings [6]. Our present
study failed to show a significant association with the to-
tal IgF level while other possible covariates have been
considered. Lack of adjustment of covariates, e.g. the al-
lergy status, in our previous report might be one reason
for the elevated IgE in atopic asthma patients. These re-
sults implied a complicated relationship between TGER1
and total IgE. As we know, TGFf1 is believed to inhibit
IgE predominately in immunity. It might be related to its
downregulatory effect on various cell surface molecules
including CD23 and MHC class Il antigen in human cells,
which may be very important in promoting IgE synthesis
[27, 28]. TGFB1 could also inhibit e-germliine transcrip-
tion [29] directly through transcription factors or through
inhibiting Th2 cytokines such as 1L-4. Elevated TGFp1
in TT allele subjects is expected to reduce the IgE level
However, as IgE synthesis is a very complicated process
involving lots of cytokines (e.g. IL-13 and 1L-10), even
suppression of IgE is environment directed. It has been
reported that at a later stage of differentiation, IgE B cells
are refractory (o the inhibitory effect of TGFp. as shown
by the slight but significant increase in the spontaneous
secretion of IgE by PBMC of atopic patients [30]. Finally,
TGFB1 downregulation of IgE may be a mechanism
where Th2 inflammation may still be prominent, with no
increase in IgE, a situation that might be seen in intrinsic
asthma for example. Therefore, we may not be surprised
1o see the lack of association of this genetic polymorphism
with the IgE level in plasma in our present study.

Both T-cell proliferation and production of IgE and
cytokines, including Th? and Thl, are believed to play
an important role in allergic inflammation. In our study,
the Th2 cytokine TL-4 was depressed rather than IL-2 and
IFNy, implying that Th2 cytokines are crucial in explain- -
ing the observed suppressing effect of TGFR1 on T-cell
proliferation. However, the suppressing effect of TGFf1
on the Thi-type reaction or initiation of T-cell reactions
may still exist. Thisis because the TGFB 1-induced down-
regulation of the IL-2 receptor at both protein and mRNA
level has been reported [29]. TGFBI has been shown to
inhibit IL-2-induced tyrosine phosphorylation, activa-
tion of Jak-1 and Stat 5, and IL-2-induced expression of
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a and B chains of IL-2R [30]. Interaction of I1-4 and
IFNy has been reported. Reduction of IL-4 by TGF(B1
may reduce the forces to inhibit IFNy production. These
may be some reasons that we failed to observe the sig-
nificant effect on IFNvy. With respect to the cytokine 1L-4,
T-cell proliferation in the allergic reaction, an increased
TGFBI concentration in T-allele subjects may play a role
in the suppression of the allergic reaction or inflamma-
tory effect rather than an increase in the risk of allergic
status. The mechanisms involved are still not clear. More
studies in larger patient cohorts and on the mechanisms
regarding its role in allergic development may be worth
of much more attention in the future. Other roles than
cell proliferation for TGFP1 may be hidden behind the
association of TGFBR1 C-509T with allergy. As an exam-
ple, TGFBI is an important stimulant of fibrosis, induc-
ing formation of the extracellular matrix, and promoting
wound healing and scar formation. Therefore, the profi-
brotic effect of TGFB1 may play a more important role
in asthma development. Another important function for
TGFR1 is their regulatory activity in cell differentiation.
IL-3 and M-CSF in cooperation with TGFB induces gran-
ulocyte macrophage colony-stimulating factor-indepen-
dent differentiation of human CD34+ hematopoietic pro-
genitor cells into dendritic cells with features of Langer-
hans’ cells, TGFB1 mayv play an important role in the
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Dioxins (polychlorinated dibenzo-p-dioxin (PCDD) +polychlorinated dibenzofuran (PCDF)) and
polychlorinated biphenyls (PCBs) are potentially hazardous compounds and have structural
similarity with thyroid hormones. Animal studies have demonstrated that PCDDs, PCDFs and
PCBs can alter immune functions. However, in humans it is not yet elucidated whether dioxins
contained in breast milk have any effects on the immune functions in infants. To investigate the
effects of dioxins on the immune system, we compared the quantitative levels of immune components
between a breast-fed group and bottle-fed group, in which dioxin concentration is almost zero.
Ratios of immune cells, such as CD4+ and CD8+ T-lymphocytes, as well as B-lymphocytes
(CD19+ and/or CD20+) and NK cells (CD16+, CD56+) in peripheral blood lymphocytes, serum
immunoglobulin level, and level of specific IgE antibody to allergens in the venous blood at
12 months of age were assessed in a subgroup of 281 infants. The relationship of post-natal dioxin
exposure via breast feeding with the ratio of immunological markers and the level of humoral
antibodies up to 12 month of age was not demonstrated. In conclusion, it would appear that the
content of dioxins in breast milk in the Japanese general population is not enough to induce any
change in theses-examined immunological parameters during the first year of life, although long-

term effects remain to be evaluated. Toxicology and Industrial Health 2006; 22: 131-136.

Key words: breast feeding; bottle feeding; dioxins, IgE; lymphocytes subsets

Introduction

Polychlorinated-dibenzo-p-dioxin (PCDD), poly-
chlorinated-dibenzofuran (PCDF), and coplanar-
polychlorinated biphenyl (Co-PCB) compounds,
hereafter referred to as dioxins, are tricycle aro-
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matic compounds. They are mainly formed as
byproducts of the synthesis of organochlorine
chemicals and from the combustion of municipal
and hazardous waste. In the late 1970s, the
production and use of these compounds were
banned because their adverse health effects had
become evident.

Immune suppression is a common and exten-
sively characterized sequela associated with acute
2,3,7,8,-tetrachloro-dibenzo-p-dioxin (TCDD)
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exposure in laboratory animals. Comprehensive
cell-type fractionation-reconstitution studies have
previously demonstrated the profound inhibition of
B-cell function by TCDDs. According to direct
addition studies utilizing primary cultured murine
B cells, there is evidence suggesting that the
suppression of antibody production by TCDDs
may be closely associated with altered B-cell
differentiation (Suh et al., 1983). This finding is
further supported by the observation that TCDDs
only modestly inhibit B-cell proliferation.

There is a paucity of in vivo studies on the effects
of dioxins on the immune system of humans
(Tryphona et al., 1998). Initial studies, showing
that PCB and dioxins may be toxic to human
immune function, were carried out on individuals
accidentally exposed to these compounds (Patter-
son et al., 1988). Weisglas-Kuperus et al. (1995)
demonstrated that prenatal PCB/dioxin exposure
was associated with changes in T cell subpopula-
tions in the blood in Dutch infants.

It is not yet clearly determined, however, whether
pre- and post-natal exposures to high background
levels of PCDD, PCDF and PCB can alter the
immune system in human infants, and whether the
health of infants is adversely affected by these
pollutants. In this stiidy, we investigated the effects
of dioxins contained in breast milk on the quanti-
tative levels of various immune components in
Japanese infants from birth to 12 months of age.

Subjects and methods

We collected breast milk from 415 mothers in
20 prefectures and cities in Japan at 30 days post-
partum and quantified 14 isomers for PCDDs,
15 for PCDFs and 12 for coplanar PCBs
(Co-PCBs). To express the toxic potency of the
mixture of dioxins in breast milk samples, the toxic
equivalency (TEQ) calculation, based on the new
TEF re-evaluated by WHO in 1997, was used. The
ages of the mothers were limited to 25-34 years,
and. all mothers were primiparous and resided in
the same area for more than five years.

At one year of age, blood samples were obtained
from 281 breast-fed infants (breast-fed group) for the
evaluation of immune functions. The breast-fed
group was infants who had mainly received breast
feeding until one year of age. Blood samples were

also obtained from 20 infants who were bottle-fed at
one year of age, as a control group (bottle-fed group).

The fat content in human milk was determined
by weighing, as described by Patterson et al. (1988).
In Dbrief, breast milk (50 mL) was mixed
with saturated potassium citrate (10 mL), ethanol
(100 mL), diethylether (50 mL) and hexane
(120 mL) in a 500-mL separatory funnel and
shaken vigorously for 10 min. The hexane phase
was then removed and washed first with 2 mol/L
NaOH followed by sulfuric acid. The hexane phase
was then dried and weighed. The fat content of
breast milk at five days post-partum was 3.0+
1.4%, and at 30 days post-partum was 3.8 +1.2%,
and did not change thereafter (Matsuura, 2001a,b).

PCDDs, PCDFs and Co-PCBs in human milk
were identified by GC/MS conducted at the Japan
Food Research Laboratory (Matsuura, 2001b).
Surface markers of peripheral blood monocytes
(PBMCs) were quantified by flow cytometry (SRL,
Tokyo, Japan) (Ip et al., 1982).

Serum IgE concentrations were determined
by chemiluminescent enzyme immunoassay
(Matsui et al., 2000). Specific IgE antibodies for
house dust, milk and egg white were quantified by
fluoroenzyme assay (CAP RAST FEIA, Pharmacia
& Upjohn, Sweden). All parents who participated
in this study gave their written informed consent.

The ratio of CD3, CD4, CDS8, CD4/8, CD19,

CD20 and CD86 between the breast-fed and bottle-

fed groups was analysed by Student’s z-test. The
serum immunoglobulin levels of IgG, IgA, IgM and
IgE between the breast-fed and bottle-fed groups
were analysed by Student’s 7-test. Distribution of
CAP-RAST scores between 0 and 1-6 was analysed
by Fisher’s exact test. Probability (P) values <0.05
were considered to be statistically significant.

Results

Effect of dioxins in breast milk on T cell ratio in
PBMCs

The ratios of CD3+, CD4+, CD8+ or CD4+/
CD8+ cells in PBMCs were compared between the
breast-fed and bottle-fed groups (Table 1). No
significant differences were demonstrated. The
correlation between the concentration of dioxins
in human milk and T cell ratio was also investigated



Table 1. The ratio of lymphocyte subsets in the breast-fed and bottle-
fed groups.

Breast-fed group Bottle-fed group P

(N=281) (N=20)
CD3 (%) 731472 69.946.1 0.053
CD4 (%) 50.14+8.4 48.616.7 0.436
CDS8 (%) 24.145.8 241474 0.861
CD4/CD8 22409 23412 0.718
CDI9 (%) 147456 15.946.7 0.362
CD20 (%) 143456 1594538 0.242
CD86 (%) 08405 1.240.9 0.078
IgG (mg/dL)  645.1+182.1 694.0+186.2 0.248
IgA (mg/dL) 3424226 36.6+19.1 0.644
IgM (mg/dL)  105.9433.6 106.9+41.4 0.899
IgE (U/mL) 54.4489.9 58.2+105.9 0.857

and no significant correlation was found between
them (Figure 1A).

Effect of dioxins in breast milk on B cell ratio in
PBMCs

The ratios of CD19+, CD20+ or CD86+ cells,
which are the surface markers of activated B cells,
were compared between the breast-fed and bottle-
fed groups (Table 1). There was no significant
correlation. The correlation between the concentra-
tion of dioxin in human milk and B cell ratio was
also investigated and no significant correlation was
found between them (Figure 1A).

Effect of dioxins in breast milk on NK cell ratio in
PBMCs '

The correlation of the ratio of NK cells (CD16+/
CD56+) with the concentration of dioxins in
human milk was examined and no significant
correlation was found (Figure 1A).

Effect of dioxins in breast milk on the serum
immunoglobulin levels

The serum immunoglobulin levels of IgG, IgA, IgM
and IgE were compared between the breast-fed and
bottle-fed groups (Table 1). No significant differ-
ences were demonstrated between them. The corre-
lation between the concentration of dioxins in
human milk and the serum immunoglobulin levels
was also investigated and no significant correlation
was found between them (Figure 1B).

The specific IgE antibody to house dust, milk
and egg white was quantified (Table 2). It was not
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demonstrated that there was no significant correla-
tion between the breast-fed and bottle-fed groups.

Discussion

In this study, we investigated the relationship of the
concentration of dioxins contained in breast milk
with the ratios of immune cells and immunoglobu-
lin levels. It has been reported that in vitro dioxins
suppress B cell differentiation. Furthermore, there
are some in vivo studies suggesting an effect of
dioxins on immune functions (Forawi et al., 2004).
Smoger et al. (1993) reported that for children born
to mothers living in a TCDDs-contaminated en-
vironment in Time Beach (MO) during and after
pregnancy, a decrease in CD4+ T cells and an
increase in CD8+ T cells was detected in child-
ren from nine to 14 years of age. In one preli-
minary study conducted in Northern Quebec, the
CD4+/CD8+ T cell ratio of Inuit infants, whose
mothers have increased levels of PCB and dioxins in
their breast milk, decreased at six and 12 months of
age (Dewailly et al., 1993).

Svensson et al. (1994) reported that the con-
sumption of fatty fish species, such as salmon and
herring, from the Baltic Sea is an important source
of human exposure to persistent organochlorine
compounds, eg, PCDDs, PCDFs and co-PCBs. The
high fatty-fish consumers had lower ratios and
numbers of NK cells, identified by the CD56
marker, in peripheral blood than the non-consu-
mers. The weekly intake of fatty fish correlated
negatively with the ratio of NK cells. This indicates
that accumulation of persistent organochlorine
compounds in high fatty-fish consumers may
adversely affect NK cell ratios. Weisglas-Kuperus
et al. (1995) demonstrated that a high post-natal
PCB/dioxin exposure is associated with an increase
in the number of TcRyd+ T cells at birth and
with an increase in the number of CD8+, TcRaf +
or TcRyd+ T cells at 18 months of age. Nagayama
et al. (1998) reported that the ratios of CD4+ to
CD8+ T cells had a significant increasing tendency
with the estimated total TEQ intakes.

In our study, it was not demonstrated that the
ratios of T cell subpopulation and CD16+ CDS6 -+
cells (NK cells) in PBMCs correlated with the
concentration of dioxins in human milk, although
the number of CD4+ and CD8+ T cells were not
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Figure 1. (A) Relationships between ratios of CD3 +, CD4+, CD8+, CD4+4-/CD8+, CD19+, CD20+ and CD16+ CD56+ cells in PBMCs and
the concentration of dioxins in human milk at 30 post-partum days. X-axis means the concentration of dioxins (pg/g fat). Y-axis means the percent
of surface marker positive cells except CD4/CD8. In CD4/CD8, Y-axis means the ratio of CD4 per CDS. (B) Relationships between ratios of serum
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Table 2. Specific IgE antibody of breast-fed and bottle-fed groups.
Breast-fed group Bottle-fed group P
0* 1 2 3 4 5 6 0 1 2 3 4 5 6
House dust 251° 8 10 S 1 1 0 19 0 1 0 0 0 0 0.568
Milk 238 12 20 5 1 0 0 17 0 2 1 0 0 0 0.558
Egg white 180 24 44 22 2 3 0 15 3 2 0 0 0 0 0.264

“Number (0-6) indicates CAP-RAST scores to each allergens.

®Number indicates the number of persons who have the CAP-RAST score.
Distribution of CAP-RAST scores between 0 and 1-6 was analysed by Fisher’s exact test.

analysed. We could not find that the levels of serum
immunoglobulins and specific IgE to allergen were
significantly different between the breast-fed and
bottle-fed groups. The difference between our data
and those of Weisglas-Kuperus may be due to the
following: the time at which immunological analysis
was performed, and the amount of dioxins to which
the subjects were exposed, that is, a higher con-
centration of dioxins in the early days after birth;
the content of dioxins in breast milk was almost
2-fold higher in the Netherlands (30.75 pg TFQ/g
fat) than in our study (14.8+6.1 pg TFQ/g fat)
(Matsuura et al., 2001b).

The sample size in this study was 281 in the
breast-fed group and 20 in the bottle-fed group,
which is a maximum size considering the budget for
this study and the co-operation of the mothers.
When we consider the value between the breast-fed
and bottle-fed groups (shown in Table 1 as true
difference), the power of CD3 and CD86 was
higher than 50%, however, CDS§, CD4/8, IgA,
IgM and IgE was lower than 10%.

On the basis of the results of this study, we
conclude that, although the infants were exposed to
some amounts of dioxins in the breast milk in
Japan, we could not find that the quantitative levels
of immune components at one year of age was
seriously impaired. However, long-term effects
remain to be evaluated.
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1 Several studies have suggested that respiratory syncytial virus (RSV)
bronchiolitis induced the change of cytokine production profile in
childhood. We sought to determine whether the RSV-induced cytokine
production was affected by the patient’s atopic background. We
quantified interferon-gamma (IFN-gamma) and interleukin (IL)-4 in
the supernatant of peripheral blood mononuclear cells (PBMCs) cul-
tured for 24 h and in the presence of phytohemaglutinin (PHA), IL-12,
or 1IL-18, from 14 infants who were divided into (wo groups, those who
are non-atopic and an atopic group. In RSV-infected infants with atopic
diseases. IFN-gamma production from IL-12- or especially 1L-18-sti-
mulated PBMCs was subtotally suppressed. in the acute phase, whereas
in RSV-nfected infants without atopic diseases IFN-gamma production
was not suppressed on acute phase. The IFN-gamma suppression
observed in the atopic group is not caused by the immaturity of an
infant’s immune system since reduced TFN-gamma production to RSV
is not observed. in the fants of non-atopic group. IFN-gamma sup-
pression in regard to RSV infection might be caused by some genetic
factor involved in the development ol atopic disease such as IL-18 signal
cascade.
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Respiratory syncytial virus (RSV) remains the
most prevalent infectious cause of lower res-
piratory tract illness in both infants and
children (1-3). Most infections with RSV are
symptomatic; however, the range of severity in
infants and young children varies greatly.
Several studies have suggested that infants in
whom RSV bronchiolitis develops will have
recurrent wheezing and asthma later in child-
hood (4). The reasons why this occurs are still
unknown: whether RSV is the actual causal
factor for asthma or simply targets children
who are predisposed to bronchial obstructive
disease is still speculation (5). Further compli-
cating the picture is the question of whether
there 1s a link between RSV infection in
infancy and the development of wheeze or
asthma later in childhood. Results {rom clinical

370

studies have Dbeen contradictory, with some
results supporting a link, and others disproving
a link (6, 7).

It has been shown in animal studies that viral
mfections can increase the risk of allergic sensi-
tization. A viral influence causing a switch {rom
Th2 (o Thl lymphocytes, and thus a lower
production of IgE antibodies, has been sugges-
ted, but a more complex mechanism may operate
in RSV infection, judging from anmimal studies
and the results of the present and other clinical
studies (8). It has been hypothesized that an early
RSV infection may perpetuate Th2-dominant
immune responses (9).

Aberle et al. tried to compare both the levels of
[FN-gamma mRNA expression in peripheral
blood mononuclear cells (PBMCs) and the dis-
tribution  of lymphocyte subpopulations n



Suppression of IFN-gamma production in atopy at RSV infection

infants with severe RSV bronchiolitis and those
with a milder clinical course of illness (10). Their
data indicated that reduced 1FN-gamma expres-
sion might be an important factor m the path-
ogenesis of severe RSV disease in infancy.

In this study we tried to determine whether
lymphocytes in children with atopy or some
genetic background show a different immune
response o RSV compared with non-atopic
children. Our results showed that the reduced
IFN-gamma expression was observed specifically
in the atopic group.

Subjects and methods
Subjects

Fourteen children between 1 month and 4 yr of
age, were admittled for respiratory tract infection
to our hospital during the epidemic period of
2002-2003. All of our cases were admitted in our
hospital according to the dyspnea and/or the
exhaustion because of the continuance of the
high fever. They had infections with a fever and
coughing with and without bronchial obstruc-
tion. Their nasopharyngeal secretions were pos-
itive for the RSV antigen by enzyme-linked
immunosorbent assay (ELISA) kit (Directigen
RS, Becton, Japan). They were divided into (wo
groups: (1) with no allergic disease or history
thereof, and (ii) with allergic disease or a family
history and/or a past history of allergic disease.
The atopic group in this study consisted of
subjects with bronchial asthma and atopic der-
matitis or a family history within one generation
of allergic diseases. There were no significant
differences in age, sex and clinical severity
between the non-atopic and atopic group. The
diagnosis of bronchial asthma was made accord-
ing to the criteria of the American Thoracic
Society, and that of atopic dermatitis was made
according to the criteria of Hanifin. Informed
consent was obtained {rom their parents. All of
the subjects were randomly selected among
patients in our hospital. This study was approved
by Gifu University ethical commiltee.

Cell preparation and culture

Peripheral blood mononuclear cells were isolated
from the heparinized blood ol patients by gradi-
ent centrifugation in Ficoll-Paque (Pharmacia
AB, Uppsala, Sweden). PBMCs were suspended
to give a density of 10°/ml in the culture medium
which consisted of RPMI 1640 supplemented
with 10% heat-inactivated fetal call serum,
L-glutamine (2 mmol/l). penicillin (100 U/ml)

and streptomycin (100 pg/ml). PBMCs (10°/ml)
were cultured in the presence of 10 pg/ml phy-
tohemagglutinin (PHA) (Gibco BRL, Grand
Island. NY, USA), interleukin (IL)-12 (5 U/
ml), or IL-18 (400 ng/ml) in a volume of 1 mlin a
round-bottom tube (Falcon 2059, Becton Dick-
inson Labware, Lincoln Park, NJ, USA) at 37°C
in a humidified atmosphere containing 5% CO,.
The recombinant IL-18 had been prepared in our
laboratory through use of an Escherichia coli
expression system [according to a method devel-
oped by Kato et al. (11))].

Assays for IFN-gamma and IL-4

The test-tube culture supernatants were spun to
remove the cells after culturing and were stored,
{frozen at -80°C until assayed. IFN-gamma
concentrations were measured with a human

IFN-gamma BELISA kit (Ohtsuka, Tokyo.
Japan), and the detecion Hmit was 15.6-

1000 pg/ml. 1L-4 concentrations of the culture
supernatants were measured with a human 1L-4
US EBLISA kit (Bio Source, Camarillo,” CA,
USA). When cytokine values were not detect-
able, for statistical analysis the minimum detect-
able level was used.

Igk assay

Plasma samples obtained [rom heparinized blood
were kept at -30°C. Plasma I1gE concentrations
were determined by chemiluminescent enzyme
immunoassay. The values were regarded as the
serum IgE concentrations. Specific IgE antibod-
ies for house dust and Dermatofagoides farinae
were determined by fluoloenzyme assay (CAP
RAST FEIA, Pharmacia & Upjohn, Sweden).

Statistical analysis

The significance of the difference between the
control and atopic group was analyzed by the
Wilcoxon Mann Whitney test. A statistical sig-
nificance was assumed for p-values <0.05.

Results

The patiends with RSV infection were divided
into non-atopic and atopic group (Table I).
Clinical severily was determined by the period
of fever, wheezing and the hospitalization
period. No patients had a prior episode to RSV
infection. There were no significant differences in
age, sex and clinical severity although the hospi-
talization period of atopic group seemed to be
longer than non-atopic group (p — 0.079). In all

N





