Fig. 1. Cytokine levels in BALF. The values
of mature animals with (Jif) and without
sensitization (~) and those of young ones
with (7]) and without sensitization (('])
were shown. Values are means * SEM.
*p < 0.05 vs. control animals at corre-
sponding age (n = 5 for each group).
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Fig. 2. OVA-specific IgE antibody titers determined as the recip-
rocal of the highest dilution giving a positive value. Mature (il
and young (7)) animals sensitized and challenged with OVA. Val-
ues are means = SEM. * p < 0.05 between groups (n = 5 for each
group).

Fig. 3. BHR to aerosolized Mch in adult (a-d) and juvenile (e-h)
mice after exposure to OVA or vehicle (control) for 1 (a, e), 2 (b, 1-
f), 4 (c, g) and 8 weeks (d, h). Values are means = SEM. * p<0.05

between groups (OVA: n = 7-17, control: n = 4-10 for each group).
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9 for each group).

sitization and challenge even at 8 weeks (fig. 4). Compar-
ing sensitized animals at different age groups, the num-
ber at 8 weeks was significantly higher in mature mice
than in young animals (p < 0.05).

ICI and GCM

In both age groups of animals sensitized and chal-
lenged with OVA, the cellular infiltration score was sig-
nificantly higher than that in control animals 1 week af-
ter exposure (3.8 £ 0.7 vs. 0.5 £ 0.3 in mature mice, and
4.6 * 1.2vs. 0.4 £ 0.3 in young animals, respectively).
However, a statistical difference was not seen after the 2-
week exposure in animals of both age groups compared
to control animals.

The mucus cell score, a parameter of GCM, was almost
zero in both age groups of the controls, and that in sensi-
tized and challenged mice of both age groups was sig-
nificantly higher than in control animals even at 8 weeks.
In young animals, however, the degree attenuated sig-
nificantly at 4 and 8 weeks compared to that 1 week after
exposure, although it did not change in mature animals
(table 1).

Discussion

In the present study, we have demonstrated that the
persistency of both airway inflammation and BHR were
different between young and mature mice. One week af-
ter the aerosol challenge with OVA, airway inflammation

260 Int Arch Allergy Immunol 2007;143:255-262
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and BHR occurred in both young and mature mice to a
similar degree. However, at 4 weeks, BHR disappeared in
young mice, whereas it persisted even at 8 weeks in ma-
ture animals. GCM, ICI and eosinophilia in BALF at-
tenuated with time in both groups, being more remark-
able in young than in mature animals.

In animal models of asthma, the time course of allergic
airway inflammation after chronic exposure to antigen
differs depending on the animal species or the strain even
in the same species. In mice, Temelkovski et al. [14] sen-
sitized BALB/c mice systemically with OVA and chroni-
cally challenged these animals with low particle mass
concentrations of aerosolized OVA for up to 8 weeks. As
a result, they showed that airway inflammation and BHR
persisted during the study period. On the other hand, Shi-
nagawa and Kojima [15] demonstrated that only A/J, but
neither BALB/C, C57BL/6 nor C3H/Hej mice, developed
airway inflammation and remodeling as well as BHR up
to 12 weeks after exposure to antigen, when sensitizing
animals by instillation via the nose. Yiamouyiannis et al.
(16] recently reported that neither allergic airway inflam-
mation nor BHR persisted in the airways of C57BL/6 after
the exposure to antigen for 6 weeks, although these re-
sponses were seen in the period of acute challenge (10
days). Our present study confirmed the findings of Temel-
kovski et al. [14] that BHR persisted for 8 weeks after the
aerosol challenge with antigen in mature BALB/C mice.
However, airway inflammation gradually attenuated with
time, although it persisted even at 8 weeks, but the reason
for this difference remains to be elucidated.
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Table 1. Mucus cell score at the different

periods of exposure Animals Mucus cell score
1 week 2 weeks 4 weeks 8 weeks
Mature
Control 0.00+0.00 0.20+£0.20 0.25%+0.25 0.00+0.00
OVA 3.00 % 0.45* 2.17 £0.48* 2.10+£0.19* 2.00+0.41*
Young
Control 0.10+0.10 0.10%x0.10 0.00%£0.00 0.00 £0.00
OVA 3.20+0.26% 2.92+0.33*% 2.14 +0.32%** 100X 0.00%**

OVA and control indicate animals given OVA and vehicle for sensitization and chal-
lenge, respectively. Values are means = SEM. * p < 0.05 vs. control animals at corre-
sponding age, ** p < 0.01 vs. animals exposed to OVA for 1 week (n = 4-9 for each

group).

Previously, we have shown that the major area of airway
remodeling after repeated exposure to antigen differed de-
pending on the stage of maturation of guinea pigs in vivo
[17]. In brief, the prominent areas of thickening caused by
chronic exposure to antigen were different among juve-
nile, adult and old animals. Inner wall thickening was
more remarkable in juvenile and adult animals than in old
ones. By contrast, a thickened smooth muscle was only ob-
served in old animals. In addition, it was suggested that
increased renewal of epithelial cells contributed to the
thickening of the inner wall in juvenile and adult animals,
and that thickening of smooth muscle areas in old animals
was due to factors such as hypertrophy. In the present
study, BHR and airway inflammation subsided earlier in
young than in mature mice, suggesting that the time course
of allergic airway inflammation and BHR is also affected
by the stage of maturation of animals.

The mechanism underlying the age-related differenc-
es in the persistency of airway inflammation and BHR
observed in this study is particularly of concern. Recent-
ly, Schramm et al. [18] have reported that continuous in-
halational exposure (6 weeks) to OVA resulted in attenu-
ation of airway eosinophilia and BHR without reduction
in OVA-specific IgE levels. The finding of our present
study that elevated IgE levels persisted in the absence
of allergic airway inflammation was similar to those of
Schramm et al. [18]. Thus our blunted local airway re-
sponses were attributed to local mechanisms rather than
systemic anergy.

Th2 cytokines, e.g. IL-4, IL-5 and IL-13, are respon-
sible for the development of various features of allergic
airway inflammation, including increased production of
antigen-specific IgE, infiltration of eosinophils into the
airways and GCM. In the present study, we have em-

A Murine Model of Childhood Asthma

ployed a relatively low dose of OVA in order to produce
Th2-biased allergic airway inflammation (7, 19]. As a re-
sult, both allergic airway inflammation and BHR oc-
curred in sensitized mice in both age groups. In BALFE,
IL-4 was increased until 2 weeks after sensitization and
aerosol challenge, confirming that a low dose of antigen
induced Th2-biased airway inflammation in both young
and mature mice [7]. However, the time course of cyto-
kine levels in BALF was slightly different between these
groups, i.e. IL-2 was significantly increased at 2 weeks in
young mice but not in mature animals. The cause and the
role of the increased IL-2 level in the development of al-
lergic inflammation and BHR in the young airways was
not clear in the present study. IL-2 is necessary for any
clonal expansion of T cells during immune responses ir-
respective of the Th type (Th1 or Th2) [20]. Thus, it might
be possible that an increased level of local IL-2 modified
the development of allergic inflammation and BHR by
altering immune responses. In addition, Thl cytokines,
including TNF-a and IFN-v, increased in young but not
in mature mice around 2 weeks after challenge, although
these changes did not reach statistical significance. The
shift toward a Thl response may partly contribute to the
earlier disappearance of allergic airway inflammation in
young animals. Further investigations assessing anti-
body production (IgG2a and IgGl) and subsets of T lym-
phocytes are required to elucidate the underlying mecha-
nisms of these age-related differences.

In the present study, except for IL-2 and IL-4, cytokmes
did not significantly increase in the BALF. Of note, IL-5,
a major survival and maturation factor for eosinophils,
was not detected, although remarkable eosinophilia was
observed in the BALF. In the present study, we collected
BALF samples 24 h after the last challenge, as was report-
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ed by Schramm et al. {18]. By contrast, Ohkawara et al.
[21] examined a detailed time course of cytokine levels in
BALF. They found that the inflammatory events were ob-
served 3-24 h after antigen challenge. Thus, other cyto-
kines might have been detected in earlier BALF samples.

The specific IgE antibody level in the peripheral blood
was more prominent in mature than in young mice,
whereas IL-4 responses in the BALF were similar or
greater in juvenile animals, confirming our previous ob-
servation [7]. The results may indicate a functional im-
maturity of B lymphocytes or other cells that are respon-
sible for the immune system in juvenile animals, although
details remain to be elucidated.

In the present study, there was a tendency to an earlier
attenuation in both BHR and airway inflammation in
young compared to mature mice. The age-related differ-

ences in the persistency of airway responses may be part-
ly responsible for the different outcome between patients
with adult and childhood onset of asthma. Local cyto-
kine levels may contribute to this difference.
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Differential Regulation of Eotaxin Expression by
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Lung fibroblasts are amajor source of several cytokines including CC
chemokine eotaxin. We aimed to study the regulation of eotaxin-1/
CCL11 production by dexamethasone and analyze its molecular
mechanisms in human lung fibroblasts. Normal human lung fibro-
blast cells were exposed to IL-4 (40 ng/mi) and/or dexamethasone
(10-5-10-% M), and eotaxin mRNA expression and production was
evaluated. Mechanisms of transcriptional regulation were assessed
by Western blotting and dual luciferase assay for eotaxin promoter.
The effects of dexamethasone on suppressor of cytokine signaling
(S0OCS)-1 and eotaxin mRNA expression in the cells transfected with
expression vector (pACGFP1-C1) or shortinterfering RNA (siRNA) for
SOCS-1 were also investigated. Within 24 hours, dexamethasone
inhibited IL-4-induced eotaxin mRNA expression and protein pro-
duction, while eotaxin production was markedly increased at 48 and
72 hours after coincubation with iL-4 and dexamethasone. IL-4—
induced eotaxin promoter activity was inhibited by dexamethasone
at 8 hours, but enhanced at 48 hours after coincubation, Dexameth-
asone suppressed SOCS-1 mRNA expression but enhanced IL-4-
induced STAT6 phosphorylation at 36 to 48 hours after coincubation.
Enhanced expression of eotaxin mRNA by dexamethasone 48 hours
after coincubation was completely diminished in the cells trans-
fected with either expression vector or siRNA for SOCS-1. These
results indicated that dexamethasone, depending on the exposure
duration, can either inhibit or enhance IL-4-induced expression and
production of eotaxin in the lung fibroblasts. The mechanisms of
later enhanced production may depend on the prolonged transcrip-
tional activity of the eotaxin gene, in part due to inhibition of SOCS-1
expression.

Keywords: fibroblast; corticosteroid; eotaxin/CCL11; SOCS; airway
remodeling

Asthma is a chronic inflammatory disorder of the airways in which
many cells, especially eosinophils, may play important roles
through the release of various mediators (1, 2). Chronic in-
flammation may be associated with bronchial hyperresponsive-
ness, variable airflow limitation, and respiratory symptoms. A
prominent pathophysiologic feature of asthma is airway remod-
eling, along with airway inflammation. A link between airway
inflammation and airway remodeling in asthma has recently been
proposed (1-3).

In the airways of subjects with asthma, there is usually
extensive infiltration of the airway lumen and wall with
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CLINICAL RELEVANCE - e e
'Out findings showing a lesser antiinflammatory effect of glu-
 cocorticoids in fibroblasts may be relevant to the relatively-
““insensitive-to-steroid ‘therapy for difficult-to-treat -asthma .-

“with inicreased progression of airway remodeling..

eosinophils and lymphocytes accompanied by vasodilatation,
microvascular leakage, and epithelial disruption (1, 2). Eosino-
phil recruitment at the airway tissue is a complex mechanism.
Chemokines involved in the migration and activation of blood
eosinophils such as eotaxin may be produced by several types of
cells, including airway fibroblasts, that have the potential to
synthesize and release a variety of proinflammatory and profi-
brotic cytokines (4-7).

Eotaxin/CCL11, a CC chemokine with potent direct chemo-
attractant effects on eosinophils, is known to be regulated by
Th2 cytokines, such as IL-4 and IL-13 (6, 8, 9). Eotaxin also
regulates migration of mast cell progenitors into inflamed tissue
and mast cell activation, and is likely to play an indirect role in
airway remodeling through recruitment of eosinophils and mast
cells, which have profibrogenic activity (2, 3, 7). It has been
recently demonstrated that eotaxin has a direct and selective
profibrogenic effect on lung and bronchial fibroblasts, providing
a novel mechanism whereby eotaxin could participate in airway
remodeling in asthma (7).

Glucocorticoids are a first-line therapy to control airway
inflammation and to improve both bronchial hyperresponsive-
ness and hyperreactivity in patients with asthma (2). There are,
however, conflicting results; showing that in regard to fibroblast
function, glucocorticoids may either reduce or increase fibro-
blast proliferation that may be related to airway remodeling
(10). It is unclear whether glucocorticoids either reduce or
increase eotaxin production in lung fibroblasts, although they
repressed the expression of eotaxin protein and mRNA induced
by TNF-c and IL-4 in airway epithelial cells (11, 12). In the
present study, we investigate the regulation of eotaxin expres-
sion by dexamethasone and analyze its molecular mechanisms
in human lung fibroblasts.

MATERIALS AND METHODS

Cell Culture and Stimulation of the Cells

Normal Human Lung Fibroblasts (NHLF) (Clonetics, San Diego, CA)
were cultured at 37°C with 5% CO, in fibroblast cell basal medium
(Clonetics) supplemented with fibroblast growth medium-2 (FGM-2
Single Quots; Clonetics), 1.0 ng/L. human Fibroblast Growth Factor-
Basic (thFGF-B), 5.0 mg/l insulin, 2% fetal bovine serum (FBS), 30
mg/ml gentamicin, and 15 pg/ml amphotericin. NHLF cells were seeded
into 12-well plates for enzyme-linked immunosorbent assay (ELISA) and
luciferase assay, and 6-cm dishes for Western blot and mRNA analysis.
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TABLE 1. PRIMERS USED FOR QUANTITATIVE REAL-TIME POLYMERASE CHAIN REACTION ANALYSIS OF

GENE EXPRESSION

Target mRNA

Forward Primer (5’ to 3°)

Reverse Primer (3" to 5')

Eotaxin
B-actin
IL-4Ra
SOCS-1
SOCS-3

CCA ACC ACC TGC TGC TTT AAC CTG
GTG GGG CGC CCC AGG CAC CA
ACA CCA ATG TCT CCG ACA CTC
GGA ACT GCT TTT TCG CCC TTA

GTC CCC CCAGAAGAG CCTATT A

GCT TTG GAG TTG GAG ATT TTT GG
CTC CTT AAT GTC ACG CAC GAT TTC
GGA TGA CAA TGC AGG AAA CGC
AGC AGC TCG AAG AGG CAG TC
TIGACG GTC TIC CGACAG AGA T

Definition of abbreviations: 1L.-4Ra, interleukin 4 receptor o chain; mRNA, messenger RNA; SOCS, suppressor of cytokine

signaling.

Cells were allowed to grow to 70% confluence. In one type of
experiment, cells were exposed to IL-4 (40 ng/ml) (R&D Systems,
Minneapolis, MN) or dexamethasone (DEX, 107%-10~° M) (Sigma-
Aldrich Co., St. Louis, MO) alone, or a combination of both. In other
experiments, cells were treated with tumor necrosis factor (TNF)-a (40
ng/ml) (R&D Systems) and DEX.

Assay of Eotaxin Protein Release into the Culture Medium

Concentrations of eotaxin in the collected culture medium were
determined with a commercial system for ELISA (R&D Systems) in
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accord with the manufacturer’s instructions. The limit of detection in
the assay of eotaxin was 5 pg/ml.

Real-Time Quantitative PCR Analysis

Expressions of eotaxin, IL-4Ra, suppressor of cytokine signaling
(SOCS)-1, and SOCS-3 mRNA in fibroblasts were determined by
reverse transcription (RT), followed by real-time quantitative PCR.
Total RNA was extracted from cells after incubation with or without
indicated cytokines using Isogen reagent (Nippon Gene, Tokyo,
Japan). Reverse transcription was performed using 1 pg of total

] control
DEX
L4

I 1L-4+DEX

15, 24k —
10
5
o 0

1IL-4 IL-4+DEX

Figure 1. Effect of dexamethasone (DEX) and
IL-4 on the production of eotaxin protein and
mRNA in normal human lung fibroblast (NHLF)
cells. (A) Cells were incubated with or without
iL-4 (40 ng/mi) and/or DEX (105 M) for 24,
48, and 72 hours, and the concentration of
eotaxin protein in the medium analyzed by
enzyme-linked immunosorbent assay. Data are
presented as the mean * SD of two indepen-
dent experiments. (B) Quantitative real-time
PCR assessment of the fold changes in eotaxin
mRNA at 12, 24, 48, and 72 hours after
coincubation with 1L-4 (40 ng/ml) and/or DEX
(10=% M) or the unstimulated values (control).
Results are expressed as the relative quantity of
eotaxin mRNA (= fold over control). Data are
presented as the mean = SD of four to six
independent experiments (*P < 0.05). (C) Con-
centration-dependent effect of dexamethasone
on expression of eotaxin MRNA. Cells were
coincubated with IL-4 (40 ng/ml) and DEX
(107%-10—° M) for 24 and 72 hours. Results
are expressed as the relative quantity of eotaxin
mRNA (= fold over control). Data are presented
as the mean = SD of four independent experi-
ments (*P < 0.05, **P < 0.01).
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Figure 2. 1L-4Ro mRNA analysis and representative Western blots. (A)
Forty-eight hours after stimulation with or without IL-4 (40 ng/ml) and
DEX (10-6 M), IL-4Ra mRNA expression was determined by quantita-
tive real-time PCR. Data are presented as the mean = SD of four
independent experiments. Results are expressed as the relative quantity
of eotaxin mRNA (= fold over control). (B) Representative STAT6 and
p-STAT6 Western blots from a single culture stimulated with medium
alone, DEX (10-5=107 M), IL-4 (40 ng/ml), or the combination for
36 hours. In the experiments, membranes were exposed to the film for
30 seconds. The results presented are from one of three experiments
that produced similar results. (C) Phospho-STAT6 was expressed as a fold
increase in relative intensity. Data are shown as the mean values = SD of
three independent experiments.
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RNA and oligo (dT) primers in a 20-pl reaction in accord with the
manufacturer’s protocol (Applied Biosystems, Branchburg, NJ). The
sequences of the specific primer sets that were used in the real-time
PCR analysis are displayed in Table 1, as previously described (13-15).
Real-time PCR was performed on an ABI Prism 7900HT sequence
detection system (PE Applied Biosystems, Foster City, CA) using SYBR
green (Applied Biosystems, Warrington, UK) as a dsDNA-specific
binding dye. Reactions for eotaxin and B-actin were cycled 40 times after
the initial denaturation of 95°C, 10 minutes followed by 95°C, 15 seconds.
The annealing and extension temperature was 60°C, 1 minute, except for
IL-4Ra, where it was 58°C, 1 minute. The threshold cycle (CT) was
recorded for each sample to reflect mRNA expression levels. A validation
experiment proved the linear dependence of the CT value for both
eotaxin and B-actin concentrations and the consistency of ACT (eotaxin
average CT minus f-actin average CT) in a given sample at different RNA
concentrations. ACT was therefore used to reflect relative eotaxin mRNA
expression levels. To determine the effects of different stimuli on eotaxin
gene expression as compared with nonstimulated cells, AACT was
calculated (AACT = ACT stimulus — ACT nonstimulated cells). Eotaxin
mRNA was indexed to B-actin using the formula 1/(22€T) X 100%. 284CT
was calculated to demonstrate the fold change of eotaxin gene expression
in stimulated cells as compared with nonstimulated ones.
"Expressions of IL-4Ra, SOCS-1, and SOCS-3 mRNA in fibroblasts
were determined in the same manner as eotaxin mRNA expression.

Western Blot Analysis

Cells stimulated with IL-4 were solubilized with NP-40 lysis buffer
(0.5% NP-40, 10 mM Tris-Cl, pH 7.4, 150 mM NaCl, 3 mM
p-amidinophenylmethanesulfonyl fluoride [Sigma, St. Louis, MOJ,
5 mg/ml aprotinin [Sigma}, 2mM sodium orthovanadate [Sigma),
5 mM EDTA). Whole cell extracts were subjected to 7.5 to 12%
Tris-glycine gel electrophoresis (XV Pantera Gel; DRC, Tokyo, Japan)
and then transferred to Sequi-Blot polyvinylidene difluoride mem-
branes (Immobilon-P; Millipore, Bedford, MA). Membranes were
blocked for 30 min with 5% skimmed milk in TBS-T (Tris-buffered
saline.with 0.05% Tween 20) before incubation with either rabbit anti-
human STAT6 (Santa Cruz Biotechnology, Inc., Santa Cruz, CA) or
rabbit anti-human phospho-STAT6 (Santa Cruz Biotechnology, Inc.)
for 1 hour at room temperature. Membranes were then washed by
TBS-T and incubated with anti-rabbit immunoglobulin antibody con-
jugated to horseradish peroxidase (Amersham, Buckinghamshire, UK)
for 30 minutes. Enhanced chemiluminescence (ECL plus Western blot
detection system; Amersham) substrate was added after further
washing with TBS-T, and the membrane was then exposed to film.

Transient Transfection and Luciferase Assay

Eotaxin promoter-luciferase reporter plasmid, generously supplied by
Prof. R. P. Schleimer (Division of Allergy-lmmunology, Feinberg

Figure 3. Activation of an eotaxin pro-
moter-luciferase reporter plasmid (pEo-

i tax.1363) by IL-4 and/or DEX in NHLF
cells. IL-4 (40 ng/ml) and/or DEX (10—~

10-8 M) was added to the media, and

after 8 hours (A) luciferase assay was
performed. Forty-eight hours after coin-

+ cubation with 1L-4 (40 ng/ml) and/or
DEX (1076 M), luciferase assay was done

(B). Data are presented as the mean *

SD of a total of four (4) and six (B)
independent experiments (*P < 0.05).

Relative luciferase activity of pEotx.1363
Relative luciferase activity of pEotx.1363

DEX 1L-4 8 7 6
(10°M)

control

IL-4 + DEX (-logN M)
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control DEX

(10°M)

TP < 0.05 and #P < 0.01 are compared

IL-4 IL-4+DEX  with the value of control.
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Figure 4. SOCS-1 and SOCS-
3 mRNA analysis. (4) Quanti-
tative real-time PCR assess-

* %k

ment of the fold changes in
SOCS-1 mRNA at 24, 48, and
72 hours after coincubation
with 1L-4 (40 ng/ml) and/or
DEX (1076 M) or the unstimu-
lated values (control). Results
are expressed as the relative
quantity of eotaxin mRNA (=
fold over control). Data are
presented as the mean = SD
of six independent experi-

48 h

*
48h —

Relative Quantity of SOCS-3 mRNA

ments (*P < 0.05, *P <
0.01). (B) Quantitative real-
time PCR assessment of the
fold changes in SOCS-3 mRNA
at 24, 48, and 72 hours after
coincubation with I1L-4 (40 ng/
ml) and/or DEX (10-¢ M) or
the unstimulated values (con-
trol). Results are expressed as
the relative quantity of eotaxin
mRNA (= fold over control).

72h

Relative Quantity of SOCS-1 mRNA

20

10

SOCS-1 mRNA

Relative Quantity of

0

DEX
(-logN M)

IL-4 (40ng/ml)

IL-4
+DEX

control DEX IL-4

School of Medicine, Northwestern University, Chicago, IL), is a 1,363-
bp fragment of the promoter region of the eotaxin gene (site 1,363 to 1)
(16). NHLF cells were seeded into 12-well plates and allowed to grow
to 50 to 70% confluence. Cells were transfected with 0.75 pg of
reporter plasmids and 10 ng of a control Renilla luciferase vector
PRL-TK (Promega Corporation, Madison, WI) using 1.5 pl of Fugene
6 transfection reagent (Roche Diagnostics Co., Indianapolis, IN) and
incubated for 12 hour in 1 ml medium. Eight or 48 hours after
coincubation with or without dexamethasone (1075-10-% M) and IL-
4 (40 ng/ml), cells were washed with Ca?* and Mg?*-free phosphate-
buffered saline (PBS), solubilized by incubation in 250 pl of lysis buffer
for 20 minutes, transferred to microtubes, and then centrifuged to
pellet cellular debris. The supernatants were measured for luciferase
activity using a Dual-Luciferase Assay System (Promega Corporation).
The firefly luciferase activity of the eotaxin promoter-reporter plasmid
was normalized using Renilla luciferase activity.

control

Data are presented as the
mean = SD of six independent
experiments. (C) Concentra-
tion-dependent effects of DEX
on the expression of SOCS-1
mRNA, Quantitative real-time
PCR assessment of the fold
changes in SOCS-1 mRNA 48
hours after coincubation with
IL-4 (40 ng/ml) and/or DEX
(1076-10"8% M). Results are
expressed as the relative quan-
tity of SOCS-1 mRNA (= fold
over controf). Data are pre-
sented as the mean * SD of
four independent experiments
(*P < 0.01).

DEX 1L-4 L4

+DEX

Eotaxin and IL-4Ro. mRNA Stability

NHLF cells were treated for 36 hours with IL-4 (40 ng/ml) and DEX
(1075 M). Cells were subsequently harvested at time 0 (as control) or
further treated with actinomycin D (ACD, 1 pg/ml) (Sigma) for each
specified time to block further transcription of mRNA. Eotaxin mRNA
expression was analyzed 12, 24, and 36 hours after ACD was added,
and IL-4Ra mRNA expression at 2, 4, 8, and 12 hours after ACD was
added, as mentioned above.

Cloning of SOCS-1 Expression Vector and Transfection into
NHLF Cells

A DNA fragment of the coding sequence of SOCS-1 was amplified by
PCR using cDNA from [L-4-treated NHLF cells. The purified PCR
product was digested with Bgl/ll and EcoRI and cloned into the
pAcGFP1-C1 vector (Clontech Laboratories Inc., Shiga, Japan). The
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Figure 5. Eotaxin and IL-4Ro mRNA stability. After induction of eotaxin
mRNA (A) and IL-4Ra. mRNA (B) by 36 hours of incubation with 40 ng/
ml! IL-4 and/or DEX (1076 M), cells were treated with actinomycin D (1
pg/mi). After treatment with actinomycin D, eotaxin or {L-4Ra mRNA
expression was analyzed at the indicated time intervals by real-time
PCR. Results are expressed as 100% of maximum (eotaxin or IL-4Ra
mRNA expression at time 0). Data are presented as the mean % SD of
four to six independent experiments.

plasmid was analyzed by digestion with restriction enzymes and DNA
sequencing. Plasmids for transfection were purified with HiSpeed
Plasmid Maxi Kit (QIAGEN Sciences, Germantown, MD).

NHLF cells were seeded into 6-well plates and allowed to grow to
50% confluence. Cells were transfected with 4 pg of expression vector
with 10 pl Lipofectamine 2000 (Promega) and grown in fibroblast cell
basal medium containing FGM-2 Single Quots without antibiotics.
After 24 hours, the medium of the cells was changed to fibroblast cell
basal medium with antibiotics; 30 mg/ml gentamicin, and 15 pg/ml
amphotericin. Then, cells were exposed to IL-4 (40 ng/ml) or DEX
(10~ M) alone, or a combination of both. Forty-eight hours after
coincubation, eotaxin or SOCS-1 mRNA expression was evaluated.

Knockdown of Gene Expression with short interfering RNA

Pre-designed short interfering RNA (siRNA) for SOCS-1 (catalog
#45060) was purchased from Ambion (Tokyo, Japan). NHLF cells were
seeded into 6-well plates and allowed to grow to 50% confluence. Cells
were transfected with 16.5 nM of siRNA with 5 pl Lipofectamine 2000.
Then, the same procedures described for the knockdown of gene
expression were performed. Scrambled siRNA was used as non-specific
negative control of siRNA (Ambion).

Statistical Analysis

Data are expressed as means * SD. Statistical differences were
determined by ANOVA first before confirming significance with
a paired Student’s ¢ test. Data were analyzed with Dr. SPSS II (SPSS
Japan Inc., Tokyo, Japan). P values less than 0.05 were considered
statistically significant.

RESULTS

Eotaxin Protein Production and mRNA Expression

The minimum level of eotaxin protein was detected in the
medium of unstimulated NHLF (Figure 1A). Coincubation with
DEX (10¢ M) alone until 48 hours did not interfere with
eotaxin production or mRNA expression in NHLF. DEX incu-
bation for 72 hours slightly increased eotaxin mRNA expression
and protein, although it did not reach significance for eotaxin
mRNA expression (P = 0.056) (Figures 1A and 1B). At all of
the time points monitored, stimulation with IL-4 (40 ng/ml)
alone increased eotaxin production and mRNA expression. The
combination of IL-4 (40 ng/ml) and DEX (10-% M) partially
inhibited eotaxin production and mRNA expression at 12 and
24 hours after stimulation, while at 48 and 72 hours it increased
eotaxin production and mRNA expression compared with
incubation with IL-4 alone. Coincubation of IL-4 (40 ng/ml)
and DEX (10~6-10~° M) for 24 hours slightly, but concentration-
dependently, suppressed the expression of eotaxin mRNA.
Coincubation of IL-4 and DEX for 72 hours markedly increased
eotaxin mRNA in a concentration-dependent manner com-
pared with IL-4 alone (Figure 1C).

Effect of DEX on IL-4Ra mRNA Expression

We next investigated IL-4Ra mRNA expression stimulated
with IL-4 (40 ng/ml) and DEX (10~® M) in NHLF. IL-4Ra
mRNA expression was not enhanced after 48 hours of coincu-
bation with IL-4 and DEX (Figure 2A).

DEX Enhanced IL-4-Induced STAT6 Activation

STAT6 and phospho-STAT6 levels were investigated by West-
ern blot analysis using specific monoclonal antibodies for them.
The cell lysates 36 hours after stimulation with IL-4 contained
substantial amounts of phospho-STAT6, as shown by the
appearance of an intense band detected at 105 kD (Figure 2B,
lane 3) that was not present in the cell lysates from unstimulated
and DEX-treated cells (lanes I and 2). When cultured with IL-4,
phospho-STAT6 generation was enhanced by DEX in a con-
centration-dependent manner (Figure 2C, lanes 4-6).

Transient Transfection and Luciferase Assay

After 8 hours, IL-4 alone enhanced induction of the eotaxin
promoter, pEotx.1363 (Figure 3A). Coincubation with DEX
and IL-4 inhibited induction of the eotaxin promoter, and this
effect was significant and concentration-dependent. By contrast,
after 48 hours, coincubation with DEX and IL-4 significantly
enhanced the activities of the eotaxin promoter, pEotx.1363,
compared with either stimulus alone (Figure 3B).

Effect of DEX on IL-4-Induced SOCS-1 and SOCS-3 mRNA
Expression

At all of the time points monitored, the expression of SOCS-1
mRNA was significantly inhibited by DEX (10~¢ M) alone.
Stimulation with IL-4 (40 ng/ml) alone increased SOCS-1
mRNA expression. The combination of IL-4 and DEX signif-
icantly inhibited SOCS-1 mRNA expression compared with
stimulation with IL-4 alone at all time points (Figure 4A). By
contrast, IL-4 (40 ng/ml) alone did not increase SOCS-3 mRNA
expression, and DEX (107® M) had no effect on IL-4-induced
SOCS-3 mRNA expression at any of the time points (Figure 4B).
Coincubation with IL-4 (40 ng/ml) and DEX (1076-10-8 M) for
48 hours concentration-dependently suppressed the expression of
SOCS-1 mRNA, with significant suppression found at a concen-
tration of 107% M of DEX (Figure 4C).
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24 h

Relative Quantity of eotaxin mRNA 3>
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Figure 6. (A) Effect of DEX on TNF-a-induced eotaxin
mRNA expression. Real-time PCR assessment of the
fold changes in eotaxin mRNA at 24 and 48 hours after
coincubation with TNF-a (40 ng/ml) and/or DEX (106
M) or the unstimulated values (control). Results are

control DEX TNF-a TNF-a control DEX

+DEX
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B 2 r * &
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05t ‘ l
0

control

Relative Quantity of SOCS-1 mRNA

TNF-o
+DEX

DEX TNF-o

Effects of DEX on IL-4-induced Eotaxin and IL-4Ra mRNA
Stability

There was no difference in the stabilities of eotaxin mRNA and
IL-4Rae mRNA expressions between coincubation with I1L-4
alone and combination with IL-4 and DEX (Figures 5A and 5B).

TNF-a—-Induced Eotaxin and SOCS-1 mRNA

TNF-a (40 ng/ml) increased the expression of eotaxin mRNA at
24 hours after stimulation, while the combination of TNF-a (40
ng/ml) and DEX (10-% M) significantly inhibited eotaxin
mRNA. Unlike IL-4, an enhancing effect was not observed at
48 hours with the combination of TNF-a and DEX (Figure 6A).
The expression of SOCS-1 mRNA was significantly inhibited by
DEX alone and the combination of TNF-a and DEX at 48
hours after stimulation, as was the case with IL-4 (Figure 6B).

Effect of Expression Vector and siRNA for SOCS-1

Levels of SOCS-1 mRNA were significantly enhanced in the
cells transfected with SOCS-1 expression plasmids cloned into
pAcGFP1-Cl vector compared with wild-type cells, while re-
duced in the cells with siRNA for SOCS-1 (Figures 7A and 7C).
Enhanced expression of eotaxin mRNA by dexamethasone
(DEX, 1076 M) at 48 hours after coincubation with IL-4 (40
ng/ml) in wild-type cells was completely diminished in the cells
transfected with either expression vector or siRNA for SOCS-1
(Figures 7B and 7D).

DISCUSSION

A variety of cell types are responsible for eotaxin production,
including macrophages, T lymphocytes, bronchial epithelial
cells, and endothelial cells (1, 2, 6. 16). We found that eotaxin
was produced by stimulation with IL-4 in normal human lung
fibroblast (NHLF) cells, indicating that Th2 cytokines may

TNF-o

expressed as the relative quantity of eotaxin mRNA (=
fold over control). Data are presented as the mean *
SD of four independent experiments (**P < 0.01). (B)
Effect of DEX on suppressor of cytokine signaling
(50OCS)-1 mRNA expression. Real-time PCR assessment
of the fold changes in SOCS-1 mRNA 48 hours after
coincubation with TNF-a (40 ng/mi) and/or DEX (106
M) or the unstimulated values (control). Results are
expressed in relative quantity of SOCS-1 mRNA (= fold
over control). Data are presented as the mean = SD of
eight independent experiments (**P < 0.01).

TNF-a
+DEX

regulate eotaxin production in lung fibroblasts. We also dem-
onstrated here that glucocorticoid inhibited the eotaxin pro-
duction induced by IL-4 at 24 hours after coincubation, which is
in agreement with previous reports (8, 11). Interestingly, coincu-
bation with IL-4 and DEX significantly enhanced eotaxin produc-
tion at 48 and 72 hours after stimulation. Thus, DEX exhibited
dual effects on IL-4-induced eotaxin production in NHLF. Such
dual effects were also observed in other glucocorticoids, including
hydrocortisone and prednisolone (data not shown).

Glucocorticoids suppress inflammatory genes by many dif-
ferent molecular mechanisms. Matsukura and coworkers (11)
demonstrated that fluticasone inhibited eotaxin expression in
airway epithelial cells (BEAS-2B) in part through repression of
eotaxin transcription, and that this mechanism may not depend
on the direct inhibition of transcription factors, such as NF-«kB
or STAT6. Lilly and colleagues (12) reported that TNF-a and
JL-1B induced the accumulation of eotaxin mRNA with a max-
imum at 4 hours in the puimonary epithelial cell lines A549
and BEAS-2B. In addition, DEX diminished TNF-o— and IL-
1p-induced increases in eotaxin mRNA in a concentration-
dependent manner. In the present study, we found that DEX
repressed eotaxin production and mRNA expression 24 hours
after stimulation with DEX in NHLF, as was the case with
epithelial cells. In addition, DEX inhibited activation of the
eotaxin promoter-luciferase reporter plasmid pEotx.1363 in-
duced by IL-4, indicating that the transcriptional regulation may
be related to the repression of eotaxin gene expression by
glucocorticoids in lung fibroblasts.

Studies were performed to investigate the mechanisms of the
observed enhancement in IL-4-induced eotaxin production and
mRNA expression at 48 and 72 hours after incubation with
DEX. One possible mechanism of synergy between IL-4 and
DEX might be the up-regulation of IL-4 receptors or the
activation of STAT-6 by DEX. Yamamoto and coworkers
found that enhanced IL-4-induced eotaxin-3 production by
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IFN-y may be due to up-regulation of IL-4Ra in airway
epithelium (14). In the present study, we could not find mRNA
expression of IL-4Ra enhanced by coincubation of IL-4 and
DEX. The effect of DEX on STAT6 phosphorylation by IL-4
was examined by Western blotting for the latent and activated
forms of the STATS6 protein at 36 hours after coincubation with
DEX and IL-4. IL-4-induced phosphorylation of STAT6 and
p-STATS6 generation was enhanced by DEX in a concentration-
dependent manner.

In the present study, eotaxin promoter activity was enhanced
48 hours after coincubation with DEX and IL-4, whereas it was
inhibited at 8 hours, suggesting that the transcription of eotaxin
gene exhibits dual effects similar to the response of eotaxin
production and mRNA expression. DEX alone induced an
increase in eotaxin promoter activity at 48 hours after stimula-
tion, although it did not reach significance. This may explain the
slight increase in eotaxin protein production and mRNA
expression at 72 hours after stimulation with DEX alone. Thus,
it implies that transcriptional regulation is involved in the
enhanced expression of eotaxin by DEX, which was further
confirmed by the effect of actinomycin D.

The suppressors of cytokine signaling (SOCS) represent
a recently discovered family of proteins engaged in the negative
regulation of cytokine signaling, primarily signaling associated
with the Jak-STAT pathway (17). Sato and colleagues provided
evidence that SOCS-1 can negatively regulate IL-4- and IL-13-

induced eotaxin-1 expression (18). These findings are in agree-
ment with a recent study demonstrating the regulation of
eotaxin-3 by SOCS-1 and SOCS-3 but not SOCS-2 (17). To
test whether SOCS proteins play an important role in the
regulation of eotaxin expressions by DEX, we analyzed
SOCS-1 and SOCS-3 mRNA expressions. We detected the
induction of mRNA for SOCS-1, but not SOCS-3, from 24 to
72 hours of treatment of NHLF cells with IL-4. We found that
SOCS-1, which serves to down-regulate cytokine signaling, was
suppressed by DEX alone and in combination with IL-4
stimulation, suggesting that up-regulation of eotaxin was likely
to be due to down-regulation of SOCS-1 by DEX. To confirm
that the effects seen with increasing eotaxin are in fact due to
changes in SOCS-1, we have performed some studies using
overexpressing SOCS-1 or siRNA for SOCS-1 in NHLF cells
then treating with DEX. We found that reversal or diminished
SOCS-1 levels prevented up-regulation of eotaxin in cells
transfected with expression vector or siRNA for SOCS-1 after
DEX treatment. Our results may be partly supported by the
findings of Paul and coworkers showing that glucocorticoids
strongly inhibit both basal and IL-6-induced rat SOCS-3
mRNA synthesis in hepatocytes (19). They also found the
negative regulation of SOCS-3 promoter by glucocorticoids
caused by a glucocorticoid response element-independent
pathway. Thus, taken together with these previous studies, our
results suggest that SOCS-1 suppression by DEX may possibly
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be because of the negative regulation of SOCS-1 promoter
activity. Furthermore, SOCS-1 suppression could enhance the
level of phospho-STAT6 and up-regulate transcription, sub-
sequently enhancing eotaxin production in response to IL-4.

To confirm that the enhancing effect of DEX was not caused
by a generalized enhancement of cellular responses, we ana-
lyzed the effect of DEX on TNF-oa-induced eotaxin production
in NHLF cells. TNF-a induced a small but significant increase in
eotaxin mRINA expression, and this response was not enhanced
48 hours after coincubation with TNF-a and DEX. Although
DEX also suppressed SOCS-1 mRNA expression in this study,
it could not induce the enhancing of eotaxin mRNA expression.
Thus, taken together with the IL-4 stimulation study, suppres-
sion of SOCS-1 by DEX may have an important role for the
enhancement of IL-4-induced eotaxin production.

Atasoy and colleagues, using an actinomycin D-based
assessment, demonstrated that TNF-a and IL-4 significantly
increase eotaxin mRNA stability (20). While in unstimulated
cells eotaxin mRNA is short-lived (with a half-life of ~ 2 h),
they showed treatment with either TNF-a or IL-4 induced up to
a 3-fold extension of the eotaxin mRNA half-life. In the present
study, DEX had no effect on IL-4-induced eotaxin mRNA
expression. This suggested that eotaxin mRNA stability was
unrelated; implying that post-transcriptional regulation such as
eotaxin mRNA stability may be not involved in the enhanced
expression of eotaxin by DEX.

Finally, since Kraft and coworkers (10) found that IL-4 and
DEX significantly increased fibroblast proliferation in the bi-
opsy specimens from subjects with mild asthma, we hypothe-
sized that the numbers of NHLF coincubated with I1L-4 and/or
DEX increased compared with the numbers of untreated cells.
However, we did not find any differences in the numbers of
viable cells with or without DEX at 24 to 72 hours after
coincubation (data not shown).

In conclusion, DEX induced dual effects on the expression
and production of eotaxin in lung fibroblasts. The mechanisms
of the later enhanced production may depend on the prolonged
transcriptional activity of the eotaxin gene, in part due to
inhibition of SOCS-1 expression. Our findings showing a lesser
antiinflammatory effect of glucocorticoids in fibroblasts may
be relevant to the relatively-insensitive-to-steroid therapy for
difficult-to-treat asthma with increased progression of airway
remodeling (21). Because glucocorticoids are recommended as
a first-line therapy for asthma, further study regarding the
molecular mechanisms of glucocorticoids and cytokine modu-
lation of fibroblast function is required to determine whether
the currently available therapies for asthma provide long-term
benefits for patients.

Conflict of Interest Statement: None of the authors has a financial relationship
with a commercial entity that has an interest in the subject of this manuscript.

Acknowledgments: The authors thank Tomoko Endo and Chinori lijima for their
excellent technical assistance.

References

1. Busse WW, Lemanske RF Jr. Asthma. N Engl J Med 2001:344:350-362.

2. Wenzel S. Severe asthma in Adults. Am J Respir Crit Care Med 2005;
172:149-160.

3. Davies DE, Wicks J, Powell RM, Puddicombe SM, Holgate ST. Airway
remodeling in asthma: new insights. J Allergy Clin Immunol 2003;111:
215-225.

— 452

4. Adcock IM, Caramori G. Cross-talk between pro-inflammatory tran-
scription factors and glucocorticoids. Immunol Cell Biol 2001;79:376—
384.

5. Hamid Q, Tulic’ MK, Liu MC, Mogbel R. Inflammatory cells in asthma:
mechanisms and implications for therapy. J Allergy Clin Immunol
2003;111:85-S12.

6. Brown JR, Kleimberg J, Marini M, Sun G, Bellini A, Mattoli S. Kinetics
of eotaxin expression and its relationship to eosinophil accumulation
and activation in bronchial biopsies and bronchoalveolar lavage
(BAL) of asthmatic patients aftér allergen inhalation. Clin Exp
Immunol 1998;114:137-146. .

7. Puxeddu I, Bader R, Piliponsky AM, Reich R, Levi-Schaffer F, Berk-
man N. The CC chemokine eotaxin/CCL11 has a selective profibro-
genic effect on human lung fibroblasts. J Allergy Clin Immunol 2006;
117:103-110.

8. Stellato C, Matsukura S, Fal A, White J, Beck LA, Proud D, Schleimer
RP. Differential regulation of epithelial-derived C-C chemokine
expression by 1L-4 and the glucocorticoid budesonide. J Immunol
1999;163:5624-5632.

9. Matsukura §, Stellato C, Georas SN, Casolaro V, Plitt JR, Miura K,
Kurosawa S, Schindler U, Schleimer RP. Interleukin-13 upregulates
eotaxin expression in airway epithelial cells by a STAT-6-dependent
mechanism. Am J Respir Cell Mol Biol 2001;24:755-761.

10. Kraft M, Lewis C, Pham D, Chu HW. IL-4, IL-13, and dexamethasone
augment fibroblast proliferation in asthma. J Allergy Clin Immunol
2001;107:602-606.

11. Matsukura S, Kokubu F, Kurokawa M, Kawaguchi M, Kuga H, Ieki K,
Odaka M, Suzuki S, Watanabe S, Takeuchi H, et al. Molecular
mechanisms of repression of eotaxin expression with fluticasone
propionate in airway epithelial cells. Imt Arch Allergy Immunol
2004;134:12-20.

12. Lilly CM, Nakamura H, Kesselman H, Nagler-Anderson C, Asano K,
Garcia-Zepeda EA, Rothenberg ME, Drazen JM, Luster AD. Expres-
sion of eotaxin by human lung epithelial cells: induction by cytokines
and inhibition by glucocorticoids. J Clin Invest 1997,99:1767-1773.

13. Matsukura S, Kokubu F, Kuga H, Kawaguchi M, Ieki K, Odaka M,
Suzuki S, Watanabe S, Takeuchi H, Adachi M, et al. Differential
regulation of eotaxin expression by IFN-y in airway epithelial cells. J
Allergy Clin Immunol 2003;111:1337-1344.

14. Yamamoto S, Kobayashi I, Tsuji K, Nishi N, Muro E, Miyazaki M, Zaitsu M,
Inada S, Ichimaru T, Hamasaki Y. Upregulation of interleukin-4 receptor
by interferon-y enhanced interleukin-4-induced eotaxin-3 production in
airway epithelium. Am J Respir Cell Mol Biol 2004;31:456-462.

15. Heller NM, Matsukura S, Georas SN, Boothby MR, Rothman PB,
Stellato C, Schleimer RP. Interferon-y inhibits STATS signal trans-
duction and gene expression in human airway epithelial cells, Am J
Respir Cell Mol Biol 2004;31:573-582.

16. Lamkhioued B, Renzi PM, Abi-Younes S, Garcia-Zepada EA, Allakh-
verdi Z, Ghaffar O, Rothenberg MD, Luster AD, Hamid Q. In-
creased expression of eotaxin in bronchoalveolar lavage and airways
of asthmatics contributes to the chemotaxis of eosinophils to the site
of inflammation. J Iminunol 1997,159:4593-4601.

17. Hebenstreit D, Luft P, Schmiedlechner A, Duschl A, Horejs-Hoeck J.
SOCS-1 and SOCS-3 inhibit IL-4 and IL-13 induced activation of
eotaxin-3/CCL26 gene expression in HEK293 cells. Mol Imimunol
2005;42:295-303.

18. Sato T, Saito R, Jinushi T, Tsuji T, Matsuzaki J, Koda T, Nishimura S,
Takeshima H, Nishimura T. IFN-vy-induced SOCS-1 regulates
STAT6-dependent eotaxin production triggered by 1L-4 and TNF-a.
Biochem Biophys Res Conmmun 2004;314:468-475.

19. Paul C, Seiliez 1, Thissen JP, Le Cam A. Regulation of expression of the
rat SOCS-3 gene in hepatocytes by growth hormone, interleukin-6
and glucocorticoids. Eur J Biochem 2000;267:5849-5857.

20. Atasoy U, Curry SL, Silanes IL, Shyu AB, Casolaro V, Gorospe M,
Stellato C. Regulation of eotaxin gene expression by TNF-o and 1L-4
through mRNA stabilization: Involvement of the RNA-binding pro-
tein HuR. J limmunol 2003;171:4369-4378.

21. Goleva E, Hauk PJ, Boguniewicz J, Martin RJ, Leung DY. Airway
remodeling and lack of bronchodilator response in steroid-resistant
asthma. J Allergy Clin Immunol 2007;120:1065-1072.



Allergology International. 2009;58:97-102
DOI: 10.2332/allergolint. 0-07-530

ORIGINAL ARTICLE me—

Age-Related Changes of Transforming
Growth Factor 81 in Japanese
Children

Masahiro Morimotol, Eiko Matsuil, Norio Kawamoto!, Satomi Sakurai!, Hideo Kanekol,
Toshiyuki Fukao!, Shinichi Iwasa?, Makoto Shiraki?, Kimiko Kasahara! and Naomi Kondo!

ABSTRACT

Background: Transforming growth factor B1 (TGFB1) is an important factor in immunomodulation. The ex-
pression of TGFB1 has been shown to be influenced by the C-509T polymorphism in the TGFB1 gene. We in-
vestigated age-related changes of plasma TGFB1 levels in a birth-cohort study. In addition, the genotypes of
the C-509T polymorphism were investigated in allergic and non-allergic subjects.

Methods: Sixty-four neonates who met the following criteria were enrolled in this cohort study: 1) full-term va-
ginally delivery; 2) underwent DNA polymorphism analysis; and 3) questionnaire forms were filled out by par-
ents at 0, 6 and 14 months of age. The umbilical cord blood at 0 months and peripheral blood at 6, and 14
months were collected. Plasma TGFB1 levels were measured at 0, 6 and 14 months of age. Genomic DNA was
extracted from their umbilical cord blood. The genotype of the subjects was examined for the presence of C-
509T.

Results: The plasma TGFB1 level at 6 months was the highest of the 3 measurements (at 0, 8, and 14 months
of age). The TGFp1 levels at 14 months in allergic subjects were significantly higher than those in non-allergic
subjects (p = 0.03). All subjects with bronchial asthma (n = 3) had the TT genotype of the C-509T polymor-
phism.

Conclusions: The plasma TGFB1 levels change with age. In addition, TGF1 may play a role in the patho-

genesis of bronchial asthma.

KEY WORDS

bronchial asthma, single nucleotide polymorphiém (SNP), transforming growth factorf1 (TGFB1), umbilical cord

blood

INTRODUCTION

Transforming growth factorfl (TGFp1) is a 25 kDa
disulfide-linked homodimeric multifunctional cy-
tokine. TGFB1 may be the most important growth fac-
tor related to immunomodulatory effects because
knockout mice died of massive inflammatory lesions.!
The role of TGFB1 in allergic diseases have been re-
ported.2¢ The levels of TGFB1 concentration were
found to be higher in the bronchoalveolar lavage fluid
of patients with asthma compared with subjects with-
out asthma.3 The expression of TGFB1 was found to
be influenced by polymorphisms in the TGFB1 gene,
some of which may be associated with bronchial

asthma and other diseases.45 In particular, the T al-
lele of the C-509T polymorphism within the TGFf§1
gene was associated with elevated serum TGFp1 lev-
els and also associated with elevated levels of total
1gE in allergic asthma patients.56

In this study, we investigated the age-related
changes of TGFp1 levels in a birth-cohort study. In
addition, C-509T within the TGFB1 gene in subjects
with asthma was compared with non-allergic subjects.

METHODS

SUBJECTS
Sixty-four neonates born at Iwasa Maternity Hospital
in Gifu Prefecture between November 2005 and July
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Table 1 Characteristics of subjects

Gender Male 32 Female 32
Birth body weight (g) Mean=*SD 3137.1 £ 400.5 (range: 2410~ 4026g)
Gestational week Mean+SD 39w3d £ 1w2d (range: 37w6d - 41w1d)
Family history of allergy Father With allergy 25
Without allergy 32
No record 7
Mother With allergy 34
Without allergy 24
No record 6
Family smoking history with 1 or both
parents still smoking Present 16 Absent 48
A ‘ B
-0 = 0.72
Plasma TGFp1 p =061 I Plasma TGFB1 | P |
level /ml
evels (po/ml) 156001 Ilp < 0.0001 | levels (pg/ml) 56001 1Mp < 0.0001 |
2500 2500
2000 : 2000
L
1500 * 1500
'
1000 P * 1000
' 4
500 ‘1}', +— 500
0 i 1 .l 3 ! f 0
0 months 6 months 14 months 0 months 6 months 14 months
(n = 64) (n=230) (n=27) (n = 24) (n = 24) (n = 24)

Fig. 1 (A) Plasma TGFp1 leveis at 0, 6, and 14 months of age. (B) Changes of plasma TGFp1 levels in 24 subjects

whose data were available at all three points.

2006, and satisfying the following criteria were en-
rolled in this cohort study: 1) full-term vaginally deliv-
ery; 2) underwent DNA polymorphism analysis; and
3) questionnaire forms were filled out by parents at 0,
6 and 14 months of age. Informed consent, including
DNA analysis, was obtained from the parents of the
neonates during their stay in the hospital. This cohort
study was approved by the Ethical Committee of the
Graduate School of Medicine of Gifu University. Um-
bilical cord blood samples were collected from 64
neonates and peripheral blood samples were also col-
lected for analysis from 30 subjects at 6 months and
from 27 subjects at 14 months of age. Subjects who
were given a diagnosis of atopic dermatitis and bron-
chial asthma during the follow-up over a period of 14
months after birth, were classified as having those
diseases. Allergic subjects were defined as those who
were given a diagnosis of atopic dermatitis and/or
bronchial asthma and non-allergic subjects were de-
fined as those having neither atopic dermatitis nor
bronchial asthma during the 14-month observation
period. Some data of the recruited population are
summarized in Table 1.
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ASSAYS FOR PLASMA
PLASMA TGF 81 LEVELS
Plasma samples obtained from heparinized blood
were kept at -30C. Plasma IgE levels were deter-
mined by chemiluminescent enzyme immunoassay
and plasma TGFB1 levels were measured with a hu-
man ELISA kit (R & D Systems, Mineapolis, MN,
USA); the detection range was 31.2-2000 pg/ml.

IgE LEVELS AND

DETECTION OF C-509T WITHIN THE TGF 1
GENE

Genomic DNA was extracted from the heparinized
umbilical cord blood using a Sepagene kit (Sanko
Junyaku, Tokyo, Japan). The TGFB1 gene was ampli-
fied and sequenced using the PCR technique and an
ABI 3100 DNA sequencer (Applied Biosystems, Fos-
ter City, CA, USA). The primers used for amplifica-
tion of the DNA fragments were the forward primer
at position -737- -718 (5-CAGACTCTAGAGACTGTC
AG-3’) and the reverse primer at position -320- -338
(5-GTCACCAGAGAAAGAGGAC-3).

STATISTICAL ANALYSES
The relations between age and plasma in TGFB1 lev-

Allergology International Vol 58, No1, 2009 www.jsaweb.jp/
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A; 0 months
Plasma TGFp1 levels (pg/mi)
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Fig. 2 Plasma TGFB1 levels of non-allergic and allergic subjects at 0 months (A), 6 months (B) and 14 months
(C) are shown. The plasma TGFB1 levels at 14 months of age in allergic subjects were significantly higher than

those in non-aliergic subjects (p = 0.03, C).

els were determined by using the Mann-Whitney un-
paired U-test. Pearson’s correlation coefficient was
used for statistical analysis of plasma IgE levels and
TGFB1 levels. The chi-square test was performed for
statistical analysis of allergic symptoms and C-509T
within the TGFB1 gene. Probability (p) values of less
than 0.05 were considered to indicate statistical sig-
nificance.

RESULTS

ALLERGIC DISORDERS AND SYMPTOMS IN
SUBJECTS

By the age of 14 months, 20 of the 64 subjects were
allergic and 44 were non-allergic as defined in the
Methods. Of the 64 subjects, 19 had atopic dermatitis
and 3 had bronchial asthma, while two subjects suf-
fered from both atopic dermatitis and bronchial
asthma. Peripheral blood samples were collected at 6
months of age in 30 subjects and at 14 months of age
in 27 subjects.

CHANGES IN PLASMA TGF f1 LEVELS BY AGE
Plasma TGFp1 levels at 0, 6, and 14 months of age

Aliergology International Vol 58, No1, 2009 www.jsaweb.jp/

are shown in Figure 1A. Plasma TGFB1 levels were
306.2 + 230.9 pg/ml (M = SD) at 0 months (n = 64),
805.3 + 428.4 pg/ml at 6 months (z = 30), and 273.6 =
175.8 pg/ml at 14 months (= = 27). Plasma TGFB1
levels at 6 months of age were significantly (¢ <
0.0001 for each) higher than those in both 0 months
and 14 months.

TGFpB1 levels were measured at all 3 points in all 24
subjects (data shown in Fig. 1B). The plasma TGFp1
levels at 6 months of age were significantly (¢ <
0.0001 for each) higher than at both 0 and 14 months.
This pattern was observed in 22 of the 24 subjects
whose plasma TGFB1 levels were measured at all 3
points.

RELATIONSHIP BETWEEN PLASMA TGFMA
LEVELS AND ALLERGIC DISEASES OR
PLASMA IgE LEVELS

Figure 2A, B, C show plasma TGFp1 levels at 0, 6,
and 14 months of age in non-allergic and allergic sub-
jects. The plasma TGFp1 levels at 14 months of age
in allergic subjects were significantly higher than
those in the non-allergic subjects (» = 0.03, Fig. 20).
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A; 0 months
Plasma TGFp1 levels (pg/mi)
[ p=o08 |
Ip=0.10] [p=o0.18]
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Fig. 3 Relationship between C-509T SNP of TGFB1 gene and plasma TGFB1 levels at 0 months (A), 6 months

(B) and 14 months (C) is shown.

We also investigated the relationship between
plasma IgE levels and TGFB1 levels at 0, 6 and 14
months of age and found no significant relations (0
months; p = 0.368, 6 months; p = 0.778, 14 months; p =
0.818, data not shown).

PLASMA TGFpB1 LEVELS AND TGFB1 C-509T

POLYMORPHISM
Among the 64 subjects, 22, 25 and 17 were classified

as genotype CC, CT, and TT, respectively. As shown
in Figure 3, these genotypes were not significantly re-
lated with plasma TGFP1 levels at either 0, 6, or 14
months of age.

TGF B1 C-509T POLYMORPHISM AND ALLERGIC
DISEASES

The genotypes of TGFA 1 C-509T polymorphism were
not associated with the prevalence of atopic dermati-
tis at 6 months of age (Table 2) and 14 months of age
(Table 3). However, the TT genotype was present in
the TGFB1 gene (C-509T) in all 3 patients with

100

asthma at 14 months of age (Table 4). Furthermore,
the TGFB1 levels (M = SD; 651.42 + 544.79 pg/ml) in
patients with asthma having the TT genotype in the
TGFf1 gene (C-509T) were higher than the TGFp1
levels (M + SD; 243.75 + 89.19 pg/ml) in subjects
without asthma (CC, CT or TT genotypes) at 14
months.

DISCUSSION

TGFB1 is a multifunctional cytokine that has immuno-
modulatory effects produced by airway epithelial
cells, eosinophils, helper T type 2 lymphocytes,
macrophages, and fibroblasts. An important finding
in this study is the changing pattern of plasma TGFp1
levels over time at 0, 6, and 14 months of age. Plasma
TGFB1 levels at 6 months of age were the highest
among these 3 measured age points. This pattern was
observed in 22 of the 24 subjects whose plasma
TGFBL levels were available at all 3 points. Statisti-
cally, the plasma TGFB1 level at 6 months of age was
significantly higher than that at 0 months and at 14

Allergology International Vol 58, No1, 2009 www.jsaweb.jp/
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Table 2 Genotype frequency of C-509T TGF-B7 promoter
SNP in subjects with/without atopic dermatitis at 6 months

Table 4 Genotype frequency of C-509T TGF-f 1 promoter
SNP in subjects with/without bronchial asthma at 14 months

cc cC1T 717 Total cc Cr 717 Total
Without atopic dermatitis 18 17 12 47 (74%) Without bronchial 59 o5 14 61 (96%)
With atopic dermatitis 4 8 5 17 (26%) asthma
(p = 0.551) With bronchial asthma 0 0 3 3 ( 4%)
(p = 0.016)

Table 3 Genotype frequency of C-509T TGF-1 promoter
SNP in subjects with/without atopic dermatitis at 14 months

cc o1t 717 Total
Without atopic dermatitis 18 19 12 49 (77%)
With atopic dermatitis 4 6 5 15 (23%)
(o = 0.865)

months of age (» < 0.0001 for each). We believe this
is the first time this unique change in the plasma
TGFP1 level has been reported.

A previous study showed that the range of plasma
TGFp1 levels was 2000-4000 pg/ml in adult popula-
tion.5 In our study, the range of plasma TGFf1 levels
at 0, 6, and 14 months of age was 0-2500 pg/ml, and
was lower than that of adult populations. At present,
we do not know what causes the plasma TGFp1 level
changes, but one possible explanation could be that
TGFB1 is necessary for dramatic changes in immu-
nological response or maturation at around 6 months
of age. In other studies, the CD4 or CD8 cells produc-
ing cytokines, including TGFB1, increased with
age.”® An increase in the number of TGFB1- produc-
ing cells may partially explain why TGFB1 production
at 6 months was higher than that at 0 months. We are
planning to observe further changes in plasma
TGFB1 levels from 14 months of age to 5 years of age
or older.

We could not find any association of IgE with
TGFB1 in this study. TGFB1 is produced by various
cells including airway epithelial cells, eosinophils,
lymphocytes, macropharges, and fibroblasts.%19 Vari-
ous cell factors should be considered to evaluate the
level of plasma TGFp1.

It has been hypothesized that the T allele of the C-
509T SNP enhances the Yin Yang 1 (YY1) transcrip-
tion factor consensus binding site ((CCATCTC/TG-)
on the TGFB1 promoter and is responsible for in-
creased TGFB1 transcription.!! In the present study
there were no significant differences in plasma
TGFp1 levels at 0, 6, and 14 months of age regarding
genotypes of TGFA1 C-509T. Pulleyn has shown that
the T allele of the C-509T SNP is associated with the
diagnosis of asthma and asthma severity.12 In this
study, only 3 subjects were given a diagnosis of bron-
chial asthma by the age of 14 months. Interestingly,
the TT genotype was present in these 3 subjects (Ta-
ble 4, p = 0.016). Although the prevalence of bron-

Allergology International Vol 68, No1, 2009 www.jsaweb.jp/

chial asthma at 14 months of age is low we need to
obtain data at 5 years of age for an accurate evalu-
ation of the role of the TGFS I polymorphism in bron-
chial asthma. We are planning to increase the num-
ber of subjects to participate in future studies and to
conduct a follow up for a longer time span.

In conclusion, this birth-cohort study suggests that
plasma TGFB1 levels are influenced by age and that
the C-509T SNP of the TGFP1 gene is an important
susceptibility locus for asthma in infants at 14 months
of age, despite the fact that the number of subjects
who participated in this study was limited.
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PERSPECTIVE

Allergenicity assessment of genetically modified

crops—what makes sense?

Richard E Goodman!', Stefan Vieths?, Hugh A Sampson?, David Hill4, Motohiro Ebisawa®, Steve L Taylor' &

Ronald van Ree®

GM crops have great potential to improve food quality, increase
harvest yields and decrease dependency on certain chemical
pesticides. Before entering the market their safety needs to be
scrutinized, This includes a detailed analysis of allergenic risks,
as the safety of allergic consumers has high priority. However,
not all tests currently being applied to assessing allergenicity
have a sound scientific basis. Recent events with transgenic
crops reveal the fallacy of applying such tests to GM crops.

Genetically modified (GM) crops undergo rigorous safety assessment
before being allowed to enter the market. One aspect of GM foods that
has drawn a lot of public attention is the assessment of their potential
allergenicity. Protecting people with food allergies against accidental
exposure to allergens has become an important focus for food manufac-
turers and regulators responsible for all food safety. A significant focus
of the food industry is to keep food products that are not intended to
contain a major allergen (e.g., peanut, milk, eggs or wheat) from being
contaminated with one of the major allergens. Likewise, the primary
focus of the safety assessment for GM crops, as defined by the Codex
Alimentarius Commission (Box 1)}, is to prevent the transfer of a gene
encoding a major allergenic protein ({rom any source), intoa food crop
that did not previously contain that protein.

The producers of GM crops and regulatory authorities focus on
preventing avoidable increases in the risk of allergy in producing and
accepting new GM crops. It should, however, be recognized that absolute
avoidance of all risk is not achievable. Thus the assessment that has been
developed focuses on avoiding risks that are predictable and likely to
cause cornmon allergic reactions.

Before discussing the details regarding the approaches used for assess
ing potential allergenicity of GM crops and the drawbacks of some steps,
it is important to put the risks associated with food allergy into per-
spective. The prevalence of food allergy is not well established but is
estimated to be around 6% in young children and 3% in adults?,

Known potent allergenic foods like peanut or shrimp are not banned
from the market, even though 1% of the population might develop
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allergic reactions upon exposure. In addition, market introductions in
the recent past of nove! foods like kiwi have resulted in the development
of new allergies. Yet kiwi has not been removed from the market. Some
of the major allergenic foods like fruits, nuts and fish are considered
essential components of a healthy diet, and nobody would endeavor
to deprive 99% of the population of these foods because 1% is at risk
of developing food allergy. Instead, food labeling is used to help the
allergic consurmer avoid exposure 1o foods that cause their reactions.
Similar arguments could be made for new crops developed cither by
conventional breeding or by genetic modification to, for example, help
combat malnutrition in developing countries.

Furthermore, to date there is no documented proof that any approved,
commercially grown GM crop has caused allergic reactions owing to
a transgenically introduced allergenic protein, or that generation of a
GM crop has caused a biologically significant increase in endogenous
allergenicity of a crop®. However, the potential for the transfer of an
allergen was illustrated in the 1996 case of transgenic soybeans into
which the gene for a 25 albumin fromn the Brazil nut had been transferred
1o enhance the methionine content of animal feed. Although the protein
had not previously been recognized as an allergen, a study sponsored
by the developer of the crop, Pioneer Hi-Bred International (Johnston,
IA, USA) during product development demonstrated IgE- binding with
sera from Brazil nut-allergic subjects and positive skin prick tests to the
transferred protein?. This protein is now known as the major allergen
of the Brazil nut, Ber e 1. Despite being developed for animal feed only,
the product was abandoned because of the obvious risk.

That experience provided guidance for development of the premar
ket allergenicity assessment process and demonstrated that specific,
appropriate tests can prevent the transfer of a gene encoding a protein
that might pose substantial risk. However, whereas absolute protection
against all potential allergic reactions 1o a newly introduced protein can
never be given, the allergenicity assessment of GM crops based on scien-
tifically sound protocols should minimize the risks. It should be noted
that some scientists and regulators have called for postmarket monitor-
ing of GM crops to identify the development of new allergies associated
with the crop. The full Codex guidelines', however, outlines the need for
an effective premarket evaluation as the most effective tool to protect
the public. There are technical, practical and economic issues that would
need to be addressed in designing an effective postmarket monitoring
system and are beyond the scope of this paper. Here, we focus on the
scientific validity of protocols used in the premarket evaluation of the
potential allergenicity of GM crops. In particular, we show how three
tests that are commonly called for, and which have not been validated,
can block development of potentially useful products.
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