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tion, Madison, W) or horseradish peroxidase conjugated anti-rabbit
IgG antibody (Amersham Biosciences, Buckinghamshire, UK). Pro-
teins were visualized by the alkaline phosphatase color reaction or
by ECL system (Amersham Biosciences).

3. Results
3.1. Effect of IL-21 on IgE synthesis

We first investigated the effects of IL-21 on B-cell IgE synthesis
in human PBMCs and highly purified human B cells. Apparent IgE
synthesis was not recognized by PBMCs in the presence of medium
alone, IL-4 alone, or 1L-21 alone, but PBMCs produced detectable
levels of IgE in the presence of IL-4 plus CD40 mAb or IL-4 plus CD40
mAb/CD32T, which further strengthen CD40 signaling more than
that with CD40 mAb alone. IL-21 did not enable the detectable
levels of IgE production in the presence of IL-4 alone but marginally
elevated IgE production with IL-4 plus CD40 mAb. Notably, 1L-21
markedly enhanced IgE production in the presence of IL-4 plus
CD40 mAb/CD32T (p <0.005, one-tailed paired t test, n = 12)
(Figure 1A).

As reported previously (7), IL-10 also enhanced IgE synthesis in
the presence of IL-4 plus CD40 mAb/CD32T, and IL-10 and IL-21
further enhanced the synthesis of IgE under these conditions (p <
0.005, a one-tailed paired t test, n = 12) (Figure 1A). To exclude the
effect of T cell and monocyte contamination, we also examined IgE
synthesis of B cells that were purified by negative selection. Simi-
larly to PBMCs, iL-21 remarkably enhanced the prbduction of IgE
especially in the presence of 1L-4 plus CD40 mAb/CD32T (p < 0.05,
a one-tailed paired t-test, n = 5) or IL-4 plus CD40 mAb/CD32T plus
IL-10 (p < 0.005, a one-tailed paired t test, n = 5) (Figure 1B). The
enhancement of IgE synthesis by IL-21 was found in both of naive
and memory B celis (Figure 2),

3.2, Effect of IL-21 on expression of germline & and AID transcripts

The induction of germline e transcripts is an early process in IgE
synthesis and is necessary for IgE production. We therefore inves-
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Fig 1. Enhancement of IgE synthesis by 1L-21. (A} PBMCs {(n = 12) or {B) highly
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Fig 2. Production of IgE by naive and memory B cells. CD20"CD27~ or CD20*CD27*
B cells were isolated from the PBMNCs by means of flow cytometry (purity was
=098%, respectively). Highly purified B cells were incubated with indicated stimuli
for 12 days. IgE content was measured by ELISA. Results are expressed as the mean *
SD of triplicate determinations. A similar result was obtained in another exper-
iment.

tigated whether IL-21 promotes the induction of germline ¢ tran-
scripts. Germline e transcripts were slightly detectable in purified B
cells cultured with medium alone, and were enhanced with 1L-4
plus CD40 mAb but were unaffected in cells incubated in addition
with IL-21 (Figure 3A). However, IL-21 remarkably enhanced AID
mRNA expression in the presence of IL-4, CD40 mAb (data not
shown), or both (Fig. 3B). These findings suggest that the enhance-
ment of IgE production by IL-21 does not depend on the induction
of germline & transcripts, but might depend on the enhancement of
AID synthesis.

3.3. Generation of plasma cells by IL-21

Because the differentiation of B cells into plasma cells is crucial
for IgE production, we studied the effects of IL-21 on purified
human B-cell differentiation in the presence of IL-4 or IL-4 plus
CD40 mAb/CD32T. Generally, human B cells express a high level of
CD 20 and a low level of CD38, and plasma cells express a high level
of CD 38 (CD38hi). Flow-cytometric analysis revealed that IL-21
induced a marginal increase in the number of plasma cells after
12-14 days of B-cell culture. Plasma cells were remarkably in-
creased by IL-21 especially in the presence of IL-4 plus CD40 mAb/
CD32T (Fig. 4A). To further demonstrate that CD38hi cells are in-
deed producing IgE, intracellular staining for IgE in CD38hi cells in
these cultures were performed. As shown in Figure 4B, a portion of
CD38hi cells contained a large amount of IgE in the cytoplasm.
These results demonstrate that IL-21 promotes the generation of
1gE-producing plasma cells in the presence of stimuli.

3.4. Expression of Blimp-1 and XBP-1 by IL-21

Blimp-1 and XBP-1 are known critical genes for plasma cell
differentiation. To further clarify the mechanism of plasma cell
differentiation by IL-21, we examined the expression of Blimp-1
and XBP-1 in purified human B cells, Because expression of Blimp-1
and XBP-1 peaked at a maximum level at day 2 to 3 of culture (data
not shown), B cells were cultured for 3 days. The expression of
XBP-1 mRNA in B cells was not enhanced with IL-21 signaling with
or without IL-4, or IL-4 plus CD40 mAb, respectively (Fig. 4C).
Western blot analysis also showed that IL-21 did not induce the
expression of XBP-1 at the protein levels (Fig. 4D). However, IL-21
signaling enhanced the expression of Blimp-1 at the mRNA levels
(Fig. 4C), indicating that the differentiation of human B cells into
plasma cells by IL-21 is strongly associated with the expression of
Blimp-1. :

4. Discussion

During humoral B cell-dependent immune systems, a variety of
cytokines and co-stimulators regulate B-cell functions. This study
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demonstrates that IL-21 is an important promoter of plasma cell
differentiation by enhancing Blimp-1 mRNA expression, subse-
quently IL-21 strongly stimulates IgE production in humans. Al-
though the effects of IL-21 on IgE have been widely reported, there
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have been several discrepancies among papers in the context of
1L-21-induced IgE production. Previous studies in mice have shown
1L-21 to be an essential factor in the generation of plasma cells [12],
and another report has tied IL-21 to B-cell immunoglobulin synthe-
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Fig 4. Effects of 1L-21 signaling on differentiation to plasma cells and transcripts of Blimp-1.{A) Highly purified human B cells were cultured with medium alone, IL-4, or 114
plus anti-CD40/CD32T with or without IL-21, respectively, for 12-14 days. Cells were then stained with anti-CD20-FITC and anti-CD38-PE and evaluated by flow-cytometric
analysis, The fraction of CD20lowCD38high cells is considered to be a plasma cell population. (B) Purified human B were cultured with }L.-4 plus anti-CD40 plus IL-21 for 7days.
After permealizing membranes, the cells were stained with anti-IgE (4.15) after goat anti-mouse Ig-FITC and anti-CD38-PE. Histogram data indicating the fluorescence
intensity are displayed with FITC for IgE (closed histogram) and the isotype negative control (open histogram) gated on CD38hi cells. (C) Purified human B cells were cultured
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ses [20], suggesting that IL-21 factors crucially in the Ig secretion of
B cells and differentiation into plasma cells in both humans and
mice. In murine systems, 1L-21 induces Ig isotype switching but
inhibits IgE production. Suto et al. examined the effect of IL-21 on
antigen-specific IgE production in mice, and found that down-
regulation of IgE production is induced by inhibition of IL-4 depen-
dent isotype switching to IgE at the level of germline & transcription
[13]. As regarding effects of [L-21 in human systems, Caven et al.
reported that IL-21-dependent IgE production in in vitro culture
systems in humans and mice is cell density and cell division depen-
dent and is augmented by IL-10 [14]. They also demonstrated that
B-cell receptor ligation antagonizes the enhancement of anti-CD40 /
iL~4 induced plasma cell differentiation by IL-21, and increased IgE
production is seen in low cell densities when IL-21 is added to
human B-cell cultures activated with anti-CD40 [IL-4 [21]. Wood et
al. indicated that IL-21 induced IL-4 driven IgE synthesis by
mitogen-stimulated human PBMCs [22].

The processes of IgE production by B cells involves IgE class
switching, clonal expansion of B cells, and differentiation into IgE-
secreting plasma cells [1]. AID is the only B cell-specific component
that is necessary and sufficient for both CSR and somatic hypermu-
tation [23]. We observed that IL-21 remarkably enhanced AID
mRNA expression in the presence of IL-4, anti-CD40 (data not
shown), or both of them. These findings suggest that the enhance-
ment of IgE production by 1L-21 depends on, at least some part, the
enhancement of AID expression. The differentiation of B cells into
plasma cells is also crucial for IgE production.

Flow-cytometric analysis revealed that IL-21 induced an in-
crease in the number of plasma cells after 12-14 days of B-cell
culture especially upon IL-4 with anti-CD40 [CD32T. Blimp-1 and
XBP-1 are known critical genes for plasma cell differentiation. We
further clarified the mechanism of plasma cell differentiation by
IL-21, and found that the differentiation of human B cells into
plasma cells by IL-21 is strongly associated with the expression of
Blimp-1 by semi-quantitative RT-PCR. However, regarding effects
of IL-4 or IL-21 on plasma cell differentiation, some aspects are still
a matter of debate in humans. Interestingly, Ettinger et al. demon-
strated that IL-4 inhibited IL-21~induced plasma cell differentia-
tion [24]. However, percentage of plasma cells was 3% in the pres-
ence of anti-CD40/IL-21 and 5% in anti-CD40/IL-21/IL-4, and the
addition of IL-4 greatly diminished plasma cell differentiation upon
BCR cross-linkage in addition to anti-CD40/IL-21, indicating BCR
signaling has much effect on the inhibition mediated by IL-4 [24].
Ettinger et al. also reported that IL-4 mildly inhibited Blimp-1
mRNA expression in the presence of anti-CD40/IL-21, and IL-4
greatly inhibited Blimp-lexpressin upon anti-CD40/BCR cross-
linkage with anti-lgM mAbJIL-2/IL-21 [24], suggesting that the
inhibition by 1L-4 gets involved with BCR signaling. Our findings
that stimulation with anti-CD40/IL-4/IL-21 resulted in the greatest
frequency of plasma-like cells, contrast that published by Ettinger
et al. and Bryant et al. that IL-4 suppressed IL-21-induced genera-
tion of plasma cells [15,24]. In marked contrast, Caven et al. re-
vealed the extreme increase of plasma cells by IL-21 in the presence
of IL-4/anti-CD40 [14]. Bryant et al. [15] reported IL-4 inhibited
Blimp-1 expression by naive B cells upon CD40L/IL-21, but not by
memory B cells. However, because Blimp-1 expression in these
investigators’ experiment was prominent in memory B cells, there
could not be a difference about Blimp-1 expression with or without
IL-4 in total B cells. In regard to XBP-1 expression, there is also the
difference between our finding that IL-21 did not increase XBP-1
and another reported finding. Caven et al. reported that B cells
differentiated into plasma cells with increased expression of XBP-1
when stimulated with anti-CD40/IL-4/IL-21{21]. However, XBP-1
transcription was increased at low cell numbers of culture by the
addition of IL-21, whereas no enhancement of XBP-1 transcription
was occurring at usual cell concentration in their system. The find-

ing is consistent with our finding with using usual concentrations
of cell numbers cultured. Meanwhile, Pene et al. revealed that 1L-21
differentially regulates IL-4-induced human IgE production by var-
ious conditions such as IL-21 concentrations, donor variation and
IFN-y production in the culture system [16]. The reason of the
above discrepancies is not clear. The difference of B-cell concentra-
tions, 1L-21 concentrations, donor variation, effect of IFN-v, or the
strength of CD40 signaling may develop the different results.

IL-21 is a pleiotrophic cytokine with effects on T, B, and NK cells.
During of the humoral B-cell immune response in mice, IL-21 has
been found to have conflicting functions {25]; in the absence of
signaling through BCR, IL-21 induces apoptosis of B cells, butin the
presence of signaling through the BCR, IL-21 induces CSR and Ig
production, together with differentiation of B cells towards plasma
cells. These findings reveal that IL-21 might help to eliminate B cells
responsible for nonspecific hyperglobulinemia. Interestingly, we
observed that IL-21 induces dramatically IgE production by human
B cells by means of double stimulation mechanism; CSR by AID
expression and B-cell terminal differentiation through Blimp-1 ex-
pression. However, it is unclear why IL-21, which has the common
promotional effect to B-cell terminal differentiation, induces the
different agency on the production of IgE between humans and
mice,

In summary, IL-21 increases IgE synthesis concomitantly with
AID expression and promotes differentiation into plasma cells via
Blimp-1. This study has elucidated one of the functions of IL-21in
B-cell immune response in human beings. These findings may pro-
vide insights into future therapeutic studies of allergic disease.
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Myeloid differentiating factor 88 (MyD88) and MyD88 adaptor-like
(Ma) are adaptor molecules critically involved in the Toll-like receptor
(TLR) 4 signaling pathway. While Mal has been proposed to serve as
a membrane-sorting adaptor, MyD88 mediates signal transduction
from activated TLR4 to downstream components. The Toll/Interleu-
kin-1 receptor (TIR) domain of MyD88 is responsible for sorting and
signaling via direct or indirect TIR—TIR interactions between Mal and
TLR4. However, the molecular mechanisms involved in muitiple in-
teractions of the TIR domain remain unclear. The present study
describes the solution structure of the MyD88 TIR domain. Reporter
gene assays revealed that 3 discrete surface sites in the TIR domain of
MyD88 are important for TLR4 signaling. Two of these sites were
shown to mediate direct binding to the TIR domain of Mal. Interest-
ingly, Mal-TIR, but not MyD88-TIR, directly binds to the cytosolic TIR
domain of TLR4. These observations suggested that the heteromeric
assembly of TIR domains of the receptor and adaptors constitutes the
initial step of TLR4 intracellular signal transduction.

docking simulation | Mal | innate immunity | NMR | protein structure

M yeloid differentiating factor 88 (MyD88) is a cytosolic adap-
tor protein that plays essential roles in both innate and
acquired immune responses by mediating signal transduction path-
ways that are initiated by Toll-like receptors (TLRs) and IL-1 and
1L-18 receptors (IL-1R and IL-18R). MyD88 consists of an N-
terminal death domain (DD) (approximately 90 aa residues), a
C-terminal Toll/Interleukin-1 receptor (TIR) domain (approxi-
mately 150 aa residues), and a short connecting linker (1). In innate
immune responses, the TIR domain of MyD#88 has pivotal functions
in the formation of signal initiation complexes involving the cyto-
solic domain of TLRs. The best characterized pathway is the TLR4
pathway, in which the cytosolic TIR domain of LPS-stimulated
TLR4 interacts with the TIR domain of MyD88 (MyD88-TIR), in
cooperation with another TIR-containing adaptor protein, MyD88
adaptor-like (Mal). Subsequently, signal is transmitted to the IL-1
receptor-associated kinase (IR AK) through an interaction between
the death domains of MyD88 and IRAK. This eventually activates
the transcription factors NF-«B and activator protein 1 (AP-1) via
a phosphorylation cascade (2).

MyD88 has been reported to be involved in signaling pathways
initiated by all TLRs thus far reported, with the exception of TLR3
(3). Of the MyD88-dependent pathways involving TLR2, 4,5, 7, and
9, only the TLR2 and TLR4 pathways require Mal for efficient
signal transduction (4). TLR4 also possesses the MyD88-
independent signaling pathway, which comprises other TIR-
containing cytosolic adaptors, TIR domain-containing adaptor
inducing IFN-B (TRIF), TRIF-related adaptor molecule (TRAM),
and sterile o and huntingtin-elongation-A subunit-TOR (HEAT)
Armadillo motifs (SARM) (5). Therefore, in general, specific
complexes involving more than one TIR-containing adaptor are
likely to be required for initiation of each TLR signal transduction
pathway.
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Recently, Kagan and Medzhitov (6) revealed that MyD88 and
Mal have distinctly different roles in TLR4 signaling: MyD88 serves
as an essential “signaling adaptor,” which transmits signals from
ligand-activated TLRs to downstream factors to initiate kinase-
dependent signaling cascades, while Mal functions as a “sorting
adaptor,” which recruits MyD88 to the plasma membrane via its
PIP2 binding domain to promote interaction between MyD88 and
activated TLR4 beneath the membrane. Indeed, Mal was shown to
be dispensable for TLR4 signaling when MyD88 is fused to a PIP2
targeting domain. In the TLR4-TRIF pathway, TRAM has been
proposed to serve as a sorting adaptor, which delivers TRIF to a
specific membrane portion via its myristoylation site (7). These
findings suggest that specific combinations of “sorting” and “sig-
naling” TIR-containing adaptors might be involved in TLR signal-
ing pathways.

The specificities of TIR-TIR interactions between adaptors,
and between adaptors and TLRs, define the formation of various
complexes that initiate TLR signaling pathways. However, little
is known about the mechanism of heteromeric interactions
between TIR domains. The crystal structures of cytosolic TIR
domains of the membranous receptors, TLR1, TLR2, TLR10,
and IL-1R APL have been reported (8~10), and the homomeric
TIR interfaces observed in the crystals have been described.
However, the functional relevance of these homomeric interac-
tions remains obscure because the formation of a homomeric
dimer in these TIR domains has not been observed in solution
(9, 10). Based on crystal structures and mutational data, several
structural models have been proposed for heteromeric TIR-TIR
interactions, which commonly suggest the importance of the
so-called BB loop in these interactions (11, 12).

The present study describes the solution structure of MyD88-TIR
using NMR spectroscopy. The isolated domain was shown to exist
as a monomer in solution state on the basis of size-exclusion
chromatography, although full-length MyD88 forms a dimer, which
appears to be mediated via homomeric interactions within its death
domain. By combining in vitro mutational binding experiments with
an NF-«B reporter system in mammalian cells, 2 surface sites were
identified as binding interfaces for the TIR domain of the sorting
adaptor Mal, one of which includes a critical residue for MyD88
function, whose mutation causes the pyogenic bacterial infections
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Fig. 1.

Solution structure of the TIR domain of human MyD88. (A} A
representative ribbon drawing of the NMR structure of MyD88, generated
with MOLMOL 2K.2. The notation of the secondary structures (8A-8E, aA-aC,
and aE) is based on TLR TIR domains. (B and C) A superimposed representation
of MyD88-TIR (sky blue) and the crystal structure of the TIR domain of TLR2
(orange). Although the p-sheet cores are similar (rmsd = 0.90 A), there are
differences in some regions.

(13). Furthermore, the in vitro binding experiments demonstrated
that MyD88-TIR does not directly bind to the cytosolic TIR domain
of TLR4, while Mal-TIR does. The distal location of the Mal
binding sites on the MyD88-TIR surface suggests that the TIR
domain of MyD88 simultaneously interacts with 2 Mal-TIR mol-
ecules, which may provide a highly efficient scaffold for signal
transduction.

Results

Structure Determination of the TIR Domain of MyD88. Based on se-
quence comparison between TIR domains, a region was selected
that comprised residues 148-296 of human MyD88 and was used
for structure determination by solution NMR spectroscopy (see
Fig. S1). In the buffer used for structural studies, MyD88-TIR
resided in a monomeric state, as assumed from size-exclusion
chromatography. However, the death domain including internal
domain (DD +ID) of MyD88 existed in a dimeric state (see Fig. S2).
Therefore, the reported MyD88 dimerization was likely mediated
by DD +ID but not by the TIR domain (14). The TIR domain
structure of human MyD88 (residues 157-296), which presented the
lowest overall energies in the 20 final structures generated by
calculations, is shown in Fig. 14. Statistics for the final 20 conform-
ers are summarized in Table S1, which shows that the rmsd for the
coordinates of backbone heavy atoms (N, Cg, and C’) of residues
157-185, 188-194, and 203-295 is 0.45 A. The N-terminal 9 residues
(148-156) displayed random coil propensity, which was character-
ized by the lack of medium-to-long range NOESY cross-peaks for
the region. Hence, these residues were omitted from the figure and
statistics for clarity.

Previous studies have indicated that 3 short, sequence motifs,
called box 1-3 motifs, which are (F/Y)DA, RDXXPG, and FW,
respectively, are conserved between TIR domains (see Fig. S1)
(15). Of these, the box 2 motif, which resides in the so-called BB
loop region, has been suggested to be important for TIR-TIR
interactions and specificities (8, 16). In the calculated conformers of
MyD88-TIR, a section of the BB loop, namely residues 194-208,

Ohnishi et al.

was not well converged. With the exception of Gly-201, Val-204,
and Ser-206, the backbone amide resonances of these residues were
not identified in 2D "H-*N hetero-nuclear single quantum coher-
ence (HSQC) spectra, although resonances of some side chain
protons were observed and assigned in HCCH-TOCSY and 3D
13C-edited NOESY spectra. This region appeared to not form a
single, definite structure, as judged from observations of a relatively
few number of long-range NOEs. A {'H}-'°N heteronuclear NOE
experiment showed that some main-chain amide groups in the BB
loop region, namely Gly-201, Val-204, and Ser-206, displayed NOE
values of 0.67, 0.55, and 0.67, respectively, which were less than the
average value for residues 157-297 (0.76 * 0.09). These results
implied that the BB loop was mobile in solution. The presumed
conformational flexibility in the BB loop region might exert broad-
ening effects due to chemical exchange, which results in absence of
the backbone amide resonances of residues 195-200, 202, and 203.
In addition, the turn region comprising residues 185-188, which
follows helix aA, was poorly defined as the main chain amide
resonances of Thr-185, Asp-186, Tyr-187, and Arg-188 could not be
identified in the HSQC spectrum.

During the preparation of this manuscript, Rossi et al. released
the solution structure of the TIR domain of human MyD88 in the
Protein Data Bank (PDB ID: 2JS7). The overall folding was
identical to our findings, despite minor differences. However, a
detailed comparison of these 2 structures would not be appropriate,
because of substantial differences in solution conditions, such as
organic additives and pH. The structure of Rossi et al. was
determined in a buffer containing 5% acetonitrile at pH 5.0, while
the present structure determination was performed in a buffer at
pH 6, with no organic solvent.

Structural Description of the TIR Domain of MyD88, and Comparison with
Other TIR Domains. The MyD88 TIR domain structure (residues
157-296) comprised a central S-stranded parallel B-sheet (BA-BE)
surrounded by 4 a-helices (eA—aC and oE) (Fig. 14). As predicted,
the global fold was similar to what was observed in previously
determined crystal structures of TIR domains of receptors TLR1,
TLR2, TLR10, and IL-1IRAPL (PDB codes: 1FYV, 1IFYW, 2J67,
and 1T3G, respectively). Of the known structures, the MyD88 TIR
domain exhibited highest sequence similarity to TLR2. Fig. 1 B and
C show superimposed representations of the TIR domain structures
from MyD88 and TLR2. While the B-sheet cores displayed high
structural similarity, as indicated by an rmsd value for backbone N,
Ca, and C of 0.90 A, several regions displayed notable conforma-
tional differences. The largest structural discrepancy was observed
in the region from the BB loop (Ser-194-Ala-208 of the MyD88 TIR
domain) to aB (Fig. 1C). The BB loop was exposed to solvent in
MyD88 and TLR?2, but the direction in which the loops orient was
markedly different. This was mainly due to a structural difference
in the C-terminal region of the BB loop (residues 205-208), which
precedes oB of MyD88. These residues adopted an extended
conformation in MyD88, whereas corresponding residues are in-
volved in an o-helix (aB) in TLR2. Therefore, aB of MyD88 was
much shorter than TLR2. Another major conformational differ-
ence was the lack of an a-helix in the region between strands fD
and BE (residues 257-273) of the MyD88 TIR domain (see Fig. S1).
This region adopted an extended and a short helical coil confor-
mation in MyD88, but the corresponding residues formed an
a-helix (aD) in TLR2 (positions 266-270 in MyD88 numbering).

Cell-Based Functional Assays of the MyD88 TIR Domain in TLR4 Signaling
Pathways. To explore residues that are important for function of the
MyD88 TIR domain, we performed mutational analysis of the
domain, using dominant negative effects of ectopically expressed
isolated TIR domain (17). For the assay, a luciferase reporter
system for NF-«B activation was constructed in HEK293 cells,
where MyD88-TIR or mutants harboring single amino acid substi-
tutions of surface residues, was ectopically expressed. Expression of
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and R196A-R288A, respectively.

MyD88-TIR, which lacked the N-terminal death domain and thus
was supposedly unable to transmit signals, suppressed LPS-induced
luciferase expression. This effect was presumably due to inhibition
of signaling pathways by competitive binding of the isolated TIR
domain to signaling components that interact with endogenous
MyD88. When a TIR mutant harboring a substitution of a func-
tionally important residue is expressed, such suppression is allevi-
ated, which leads to higher LPS-induced luciferase activity than
observed with a TIR domain harboring the wild-type sequence. It
should be noted that the dominant negative effect of ectopically
expressed TIR domain has been used for functional analysis of
some key residues of MyD88-TIR in IL-1 signaling (11).

Results from luciferase assays of mutant-expressing cells upon
LPS stimulation are shown in Fig. 24. LPS addition to HEK293 cells
expressing MD2 and TLR4 resulted in an approximately 3-fold
increase in reporter activity, which was consistent with a previous
report (18). Alanine substitution of 5 residues, Arg-196, Asp-197,
Arg-217, Lys-282, or Arg-288 resulted in significantly reduced
inhibitory effects in LPS-induced luciferase activity. Interestingly,
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these 5 residues are closely associated with the box 1, 2, and 3 motifs,
which are highly conserved across TIR domains (see Fig. S1).
Arg-196 and Asp-197 are located within the box 2 motif. The side
chains of Lys-282 and Arg-288 form a continuous protein surface
with box 3 forming residues, and Arg-217 is located distant in the
sequence, but proximal in space to the box 1 motif (Fig. 2B). Hence,
we designated the sites that these residues form as Site II, Site I,
and Site 1, respectively.

Binding Sites of MyD88-TIR for Mal. Because Site 1, Site I1, and Site 111
of the MyD88 TIR domain are important for TLR4-mediated
cellular responses following LPS stimulation, the involvement of
these sites was examined in direct binding to the TIR domain of Mal
(Mal-TIR), the sorting adaptor in MyD88-dependent TLR4 path-
ways (19). The effect of alanine substitution of Arg-196, Arg-217,
or Arg-288 (which forms Site II, Site I, and Site III of the MyD88
TIR domain, respectively) on interactions with Mal-TIR was ana-
lyzed by GST pull-down assay. Mal-TIR was pulled down by
wild-type MyD88-TIR. However, substitution of either Arg-196 or
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Direct interactions of MyD88, Mal, TLR4, and IRAK4. (A) Binding assay of the TLR4 TIR domain with the MyD88 TIR domain or Mal TIR domain.
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MyD88-DD+ID but not MyD88-TiR.

Arg-288 resulted in moderate, but significant, decreases in MyD88-
TIR affinity for Mal-TIR. The MyD88-TIR affinity of the Arg-196
and Arg-288 double-substituted mutant for Mal-TIR was com-
pletely abolished (Fig. 2C). In contrast, the Arg-217 mutation had
no significant effect. The results, therefore, suggested that Site 11
and Site III, but not Site I, contributed to the interface with
Mal-TIR. In addition, Arg-196 substitution by cysteine, which was
detected in MyD88 deficiency patients (13), also caused reduced
interaction with Mal (Fig. 2D). The effect of alanine substitution of
those arginine residues on interactions with Mal-TIR was also
examined by observing 2D H-PN correlation NMR spectra of
1’N-labeled MyD88-TIR and its derivative in the absence or
presence of various concentrations of nonlabeled Mal-TIR. The
1N-labeled MyD88-TIR signals uniformly decreased upon titration
of Mal-TIR (see Fig. S3). Signal attenuation was presumably due to
increased apparent molecular weight upon complexation or chem-
ical exchange (Fig. 2E). A MyD88-TIR mutation of either Arg-196
or Arg-288 caused moderate effects. However, double mutations of
these residues resulted in large effects on signal attenuation,
suggesting that signal attenuation was due to interactions between
TIR domains of MyD88 and Mal. The apparent dissociation
constants were estimated from the signal attenuation of wild-type
and mutant MyD88 as previously described (Fig. 2E) (20). These
results indicated that contributions from Site II and Site III to the
interaction were comparable to each other. It should be noted that
the effect of tested alanine substitution on the structure of the TIR
domain was minor and only limited to the region close to the
mutational sites, as judged from the 2D spectra of those mutants.
Thus, these substitutions do not affect the opposite functional
surface. Therefore, allosteric effect was neglected in interpreting
the data.

The Function of Site 1 in TLR4 Signaling. Site I could serve as an
interaction site with cytoplasmic TIR domain of TLR4 (TLR4-
TIR), as previously suggested (6). However, an interaction between
TIR domains of MyD88 and TLR4 was not detected (Fig. 34). The
GST pull-down experiment in the present study further demon-
strated that the DD of IRAK4 exhibited no detectable binding
activity to MyD88-TIR, but rather bound to MyD88 that lacked the
TIR domain (Fig. 3B). This indicated that Site I was not involved
in interactions with the downstream effector IRAK4, although
results from a previous study showed that a small region of TIR,
which included box 1 motif, ID, and DD of MyD88, interacts with
IRAK4 (21).

Discussion

The TIR domain is typically composed of 135-160 aa residues, with
sequence conservation ranging from 20 to 30%. While the hydro-
phobic core residues are conserved, the surface exposed residues
vary greatly between TIR domains. Consequently, the distribution
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of surface electrostatic potential differs significantly between TIR
domains (22), possibly underlying the differences in binding spec-
ificity. For TIR domains of membranous receptors, 4 structures
from TLR1, TLR2, TLR10, and IL-1RAPL have been reported
(8-10). When comparing these, the BB loop of MyD88 displayed
the largest structural difference (Fig. 1C). The BB loop region has
been proposed to be important for interactions between TIR
domains. Thus, structural deviation of the BB loop, and differences
in surface electrostatic potential, might reflect specificities
of TIR-TIR interactions. It should be noted that the isolated
MyD88-TIR domain existed as a monomer in solution state, while
some TIR domains have been reported to form a dimer in crystal
structure (9, 10). On the other hand, full-length MyD88 is known
to form a dimer, which seems to be mediated via homomeric
interactions between the death domains (see Fig. S2).

The present study identified 3 functional surface sites (Sites I-11T)
of MyD88-TIR that were important for the LPS-activated TLR4-
signaling pathway. Two of these sites, Sites II and III, served as
binding sites for Mal-TIR (Fig. 2 C and E). Results from the GST
pull-down and NMR titration experiments suggested that these 2
sites equally contributed to interactions between MyD88-TIR and
Mal-TIR. The Site II-forming residues Arg-196 and Asp-197 were
located in the BB loop, and were highly conserved across TIR
domains (see Fig. §1). Another Mal binding site, Site III, which was
formed by 2 basic residues, Lys-282 and Arg-288, flanks the box 3
comprised of FW motif, creating a positively charged surface patch.
Because basic amino acids were conserved at positions 282 and 288
(see Fig. S1), this positively charged patch appeared to be common
in TIR domains. The present data revealed that Arg-217 in Site 1
played a crucial role in the TLR4-mediated cellular response to LPS
stimulation but was not involved in direct binding to Mal-TIR (Fig.
2C). In the GST pull-down experiments, direct interaction of
MyD88-TIR with either the TIR domain of TLR4 or the death
domain of IRAK4 was not observed (Fig. 3). This was consistent
with previous observations that MyD88 does not directly bind to the
cytosolic domain of TLR4 (23). Therefore, Site 1 is unlikely involved
in MyD88 interaction with any of the known possible binding
partners, such as Mal, TLR4, and IR AK4, but might serve as a
contact surface with a yet unidentified MyD88 binding protein or
specific membrane portion. The functional role of Site I in TLR4
signaling remains to be clarified in further studies.

The 2 Mal binding sites of MyD88-TIR, Sites 1I and III, are
distantly located from each other and are on opposite molecular
surfaces. Thus, it is impossible to assume that one Mal-TIR can
make simultaneous contact with both MyD88-TIR sites. In addi-
tion, contributions from Site II and Site 111 to the interaction were
shown to be comparable to each other. Thus, assuming 2 Mal-TIR
molecules would bind to one MyD88-TIR molecule, we constructed
a complex model between MyD88-TIR and Mal-TIR using a
molecular docking method similar to previous studies (12, 24). The
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Fig.4. Structural model of signaling complex formed by MyD88 and Mal. The
Mal binding sites, Sites 1l and i residues, are shown in red, and noncritical
residues for signaling and Site | residue are shown in light blue. The positions
of the previously reported functional residues (P125, 5180, and E190) are
shown as orange spheres, and the phosphorylation sites in Mal for signaling,
Tyr-86, Tyr 109, and Tyr-159, are shown as yellow spheres.

model indicated that Sites IT and III residues are well situated at the
interface centers of each Mal-TIR. In addition, all noncritical
residues, including Arg-217 (Site 1), avoided the interfaces, which
supported validity of this model (Fig. 4). Previous reports have
shown that P125H mutation or S180L polymorphism of Mal causes
decreased interactions between Mal and TLR4 or TLR2, respec-
tively, but has no effect on interactions between Mal and MyD88
(25, 26). Moreover, the TR AF-6 binding site on Mal was shown to
include Glu-190 (27). These 3 Mal residues were not included in the
Mal-MyD88 complex model interfaces (Fig. 4). Therefore, the
model suggested that MyD88-TIR binding might not interfere with
interactions between Mal-TIR and TLR4, TLR2, or TRAF-6.
Recently, Tyr-86 phosphorylation of Mal was shown to negatively
regulate interactions with MyD88 (28). In addition, Tyr-86 muta-
tion, not Tyr-106 or Tyr-159, significantly altered affinity of Mal to
MyD88. These observations were consistent with the present
complex model, in which Tyr-86, not others, was at the molecular
interface (Fig. 4). Moreover, the model predicted that Tyr-86
phosphorylation might perturb MyD88 interface steric comple-
mentarity of Mal and result in an electrostatic repulsion to the
acidic surface of MyD88-TIR that Mal binds to.

Recently, one of the Site I residues, Arg-196, has just been found
to be mutated to cysteine in the new primary immuno-deficiency
(MyD88 deficiency) patients (13). This mutation did not cause
destabilization of the MyD88 protein, but showed a significant
decrease of the direct binding ability between MyD88-TIR and
Mal-TIR (Fig. 2D). Patients with the MyD88 deficiency were highly
susceptible to Gram-positive bacteria, while they showed normal
resistance to other kinds of pathogens, such as Gram-negative
bacteria and viruses. The phenotypes suggest that TLR2 signaling
is more critical than other self-defense systems in early life (3)
because the other innate immune signaling pathways have a kind of
redundancy, acting as alternative signaling pathways; i.e, TLR2 and

TLR4 signaling needs MyD88 and Mal to signal, but TLR4 has -

other MyD88-independent pathways with TRIF (5). It suggests that
the Gram-positive bacterial recognition system is much more
dependent on TLR2/MyD88/Mal signaling. The loss of interaction
between MyD88 and Mal caused by the mutation would be a critical
molecular mechanism for MyD88 deficiency patients.

It is of special interest that the TIR domain of Mal, and not
MyD88, directly interacted with the TIR domain of TLR4 (Fig. 34)
as described in the previous predicted docking model (29). This
observation raises the possibility that Mal-TIR might simulta-
neously bind to the TIR domains of TLR4 and MyD88, and thereby
mediate association as previously predicted (5). Because Mal has
been shown to be dispensable for TLR4 signaling when MyD88 is
artificially fused to a PIP2 targeting domain (6) there is the
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possibility that weak interactions between TIR domains of MyD88
and TLR4 mediates signal transduction. Alternatively, an uniden-
tified alternate Mal-independent pathway could contribute to sig-
naling as previously discussed (30). Previous mutation analysis
suggests that Mal Pro-125 contributes a binding interface with
TLR4 (26). This residue was located distal to the putative MyD83
interface in the present MyD88:Mal complex model and was
therefore consistent with the hypothesis that Mal-TIR mediates
TIR-TIR interactions between TLR4 and MyD8&8.

Conclusion

Structure determination combined with functional assays of human
MyD88-TIR revealed that 3 sites, which are related to conserved
boxes 1-3 of the domain, were important for the LPS/TLR4
pathway. Two of these sites were located at opposite surfaces of the
molecule and were shown to mediate direct interaction with
Mal-TIR. Thus, the 2 independent binding sites served by MyD88-
TIR might contribute to formation of higher order TIR-TIR
complexes, which may result in amplification of TLR signal acti-
vation. Identification of the key residue in MyD88, which is a direct
interacting residue for Mal, is of the clinical significance because
one of these residues was shown to be critical for the primary
immunodeficiency syndrome. Distribution of the 3 functional sites
dispersed on the molecular surface of MyD88-TIR suggested that
MyD88 provided multiple interaction surfaces to protein factors
that form the signal initiation complex at the cytosolic TLR4
domain. Knowledge of the sites revealed in this study will facilitate
further identification of factors and mechanisms used in TLR
signaling pathways.

Materials and Methods

sample Preparation. The portion of the human MyD88 gene encoding the TIR
domain (amino acid residues 148-296) was cloned into the vector pGEX-5X-3 (GE
Healthcare). This vector was transformed into Escherichia coli BL-21 (DE3) {No-
vagen). The TIR domain of MyD88, which was expressed as a GST {GST) fusion
protein, was first purified by glutathione Sepharose 48 FF (GE Healthcare) affinity
chromatography, and the GST-tag was removed by digestion with Factor Xa (GE
Healthcare). Subsequently, the TIR domain was purified by gel filtration
(Sephacryl S-100 HR 26/60 column; GE Healthcare) and cation-exchange chroma-
tography (Mono-$ column; GE Healthcare). Using the purification protocol, >N-
labeled, and 13C, 15N-doubly-labeled monomeric TIR domain of MyD88 wild-type
proteins were prepared. The protein sample buffer was replaced by 20 mM
potassium phosphate buffer (pH 6.0) containing 0.1 mM EDTA and 10 mM DTT.
The final protein sample concentration for typical NMR experiments was approx-
imately 0.3 mM.

NMR Spectroscopy. All NMR spectra were recorded at 25 °C on a Bruker DRX500
or DRX800 spectrometer equipped with a cryogenic probe. For assignment of
backbone and side chain 'H, 13C, and 3N resonances, a series of triple-resonance
experiments were conducted (31). Distance restraints for structure calculations
were obtained from 3D >N-edited NOESY and 3D '3C-edited NOESY experi-
ments, with a mixing time of 150 msec. NMR spectra were processed with
NMRPipe software (32) and analyzed using Sparky (33). The pulse sequence used
to obtain 2D {'H}- N steady-state NOE spectra has been previously described (34).
The {*H}-15N NOE values were determined from ratios of peak intensities with or
without a 3 sec 'H-saturation applied before each scan: NOE = lsatflunsat.

Structure Calculation. Automated NOESY cross-peak assignment and iterative
structure calculation were performed using CYANA version 2.1 (35). The obtained
assignment of NOESY cross-peaks was manually validated, and the final structure
calculation was performed using CNS version 1.1 (36). Surface electrostatic po-
tentials were calculated using MOLMOL 2K.2 (37).

Cell Culture. Human embryonic kidney (HEK) 293-hTLRAA-HA cells were pur-
chased from invivogen. These cells were cultured in Dulbecco’s modified Eagle’s
medium (high glucose-containing DMEM, Invitrogen) supplemented with 10%
heat-inactivated FBS (Sigma), penicillin (100 U/ml}, and streptomycin (100 pg/ml).
All cells were incubated at 37 °C in a humidified atmosphere of 5% CO.

Vector Preparations. A ¢DNA encoding the TIR domain (amino acid residues
148-296) that was tagged at the N terminus with a myc-epitope was cloned into
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the plasmid vector pcDNA3.1+ (Invitrogen). Mutants of the MyD88 TIR domain
were generated using the GeneEditor in vitro Site-Directed Mutagenesis System
(Promega). Mutants of each of 25 charged polar amino acid residues (Asp, Glu,
Arg, Lys, and His) substituted. by alanine were generated. Mutants with poor
expression were not included to avoid possible misinterpretation of the loss of
dominant negative inhibitory effect. The MD2 construct was also cloned into
pcDNA3.1+. A pGL3-Basic Vector (Promega) containing 4 kB binding sites, which
was used in the NF-«B luciferase reporter assay, and a Renilla luciferase reporter
vector used as an internal control in the assay were gifts from Drs. Sewon Ki and
Tetsuro Kokubo (Yokohama City University, Yokohama, Japan).

NF-xB Reporter Gene Activity. 293-hTLR4A-HA cells were transfected with
pcDNA3.1+ control vector or pcDNA3.1+ myc-MyD88 TIR domain (wild type or
mutant), pcDNA3.1+ MD2, NF-«B luciferase reporter vector, and Renilla luciferase
reporter vector, using Lipofectamine 2000 (Invitrogen) according to the manufac-
turer's instructions. After transfection, the cells were stimulated with LPS 0127 (1.0
ug/ml, Sigma) and incubated for & hours. Luciferase reporter gene activity was
analyzed using the Dual-Luciferase Reporter Assay System (Promega). The inhibitory
effect of each TIR mutant expression was assessed in at least 3 independent experi-
ments. The statistical significance of differences in luciferase activities between wild
type and mutants in the NF-kB reporter assays was analyzed using Dunnett’s multiple
comparison test. Statistical significance was assumed to be P < 0.05.

GST Pull-Down Assay. The TIR domain of MyD88 wild type and mutants (R196A,
R196C, R217A, R288A, and R196A-R288A) was purified as GST-fusion proteins.
These expression vectors were generated by subcioning the pcDNA3.1+myc-
tagged MyD88 TIR domain into pGEX 5X-1(GE Healthcare). The DD +1D of MyD88
(amino acid residues 18-141) and TLR4-TIR were also purified as GST-fusion
proteins. The GST-fusion proteins were purified by glutathione Sepharose 4B FF
(GE Healthcare) affinity chromatography. The TIR domain of human Mal, as well
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as the DD of IRAK4, was purified using a modified previously reported method
(22, 38). These purified proteins were incubated with Glutathione Sepharose 48
(GE Healthcare) for 3 hours. After 4 wash steps with wash buffer (20 mMm
potassium phosphate buffer (pH 6.0), 100mMKCl, 0.1 mMEDTA, 10mMDTT, and
0.5% Triton X-100), the resin was analyzed by SDS polyacrylamide gel electro-
phoresis and Coomassie Brilliant Blue staining.

NMR Titration. One 15-ul aliquot of 100 uM nonlabeled Mal-TIR was added to 150
ul of 20 uM 5N-fabeled MyD88-TIR or its alanine substituted mutants up to 1.5
molar equivalent of 1SN MyD88-TIR. At each titration point, 1D 'H-{"*N} and 2D
TH-5N SOFAST-HMQC spectra were measured. Quantification of NMR signal
attenuation in the titration experiments, and evaluation of apparent dissociation
constant (K°PP) for the interaction, are described in S/ Materials and Methods.

Docking Studies Between MyD88 and Mal. Structure modeling of the TIR domain of
Mal was performed using the MyD88-TIR structure as a template on molecular
operating environment (MOE) software (39, 40). The docking simulation was per-
formed on AutoDock without any specific restraints between the molecules as
previously reported (24, 41, 42). (See detailed method of the docking study in S/
Materials and Methods.)
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ABSTRACT

Background: igA deficiency (IgAD) is the most common immunodeficiency, however the pathogenesis in
most cases of IgAD is unknown. There are 2 subclasses of IgA, IgA1 and IgA2, and its heavy chains are en-
coded by 2 different genes, the a1 and a2 genes. To investigate the molecular pathogenesis of IgA deficiency,
it is important to evaluate each of the expressions of IgA1 and IgA2 separately.

Methods: In this study, we report on the reverse transcriptase (RT)-PCR method in which o1 and a2 mRNAs
can be separately evaluated. This method is based on electrophoretic separation using the difference of 39
bases between o1 and o2 mRNAs. Three selective, 5 partial and 2 secondary IgAD patients were examined.
Results: In the 3 selective IgAD patients, no o1 or o2 mRNA expression was detected. In the 5 partial IgAD
patients, various o1 and a2 mRNA expression patterns were found. One of the partial IgAD patients showed
only o2 gene expression, but not a1 gene expression, and was found to show an a1 gene deletion together
with v2 and e gene deletions. His plasma IgA2 level was within the normal range.

Conclusions: Patients with an a1 gene deletion can be considered as having partial IgAD. Using this method,
we identified the second case of a1 gene deletion in Japan, and classified IgAD patients on the basis of a1 and
02 expression.

KEY WORDS
gene expression, IgA subclasses, partial IgA deficiency, selective IgA deficiency, a1 gene deletion

ABBREVIATIONS

IgA, immunoglobulin A; IgAD, immunoglobulin A deficiency; RT, reverse transcriptase; CVID, common variable
immunodeficiency; TACI, transmembrane activator and calcium-modulator and cyclophilin ligand interactor;
SD, standard deviation; PBMCs, peripheral blood mononuclear cells; GAPDH, glyceraldehyde-3-phosphate
dehydrogenase; ELISA, enzyme-linked immunosorbent assay; HRP, horseradish peroxidase; BSA, bovine se-
rum albumin; PBS, phosphate-buffered saline

frequency ranging from 0.03 to 0.3%. The prevalence

INTRODUCTION

Human immunoglobulin A (IgA) is the most abun-
dant immunoglobulin in secretions. IgA has 2 sub-
classes, IgAl and IgA2. The ratios of IgAl : IgA2 are
approximately 9 : 1 in serum and 6 : 4 in saliva.l In
mucosal tissue, IgA synthesis greatly exceeds that of
other immunoglobulin classes. These 2 subclasses
play important roles in the first line of defense, and
the amount ratio of these molecules in secretions var-
ies.

Selective IgA deficiency (IgAD) is the most com-
mon immunodeficiency, and has been found with a

differs according to ethnic groups, with a lower fre-
quency in the Japanese population, namely, 1/18,000
people.23 Most IgAD patients remain healthy, but
some suffer from a variety of infections, allergies,
autoimmune disorders, gastrointestinal diseases, ma-
lignancies, endocrinopathies, neurological diseases,
and genetic disorders.24 The pathogenesis of IgAD
has not yet been completely clarified. IgAD has been
found to be associated with IgG2, I1gG4, and IgE defi-
ciencies.>8 The class switch disorder in IgA-
producing B lymphocytes is one of the most impor-
tant factors in IgAD patients.? Asano et al. suggested
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Table 1 Immunological data of patients
Serum level (mg/dI) IgG subclass (mg/di)
Patient No. Sex Age
I9G IgA IgM igG1 lgG2 IgG3 IgG4
Selective IgA deficiency
1 M 10 years 1363 <5 146 619 255 57.3 33.9
2 F 11 years 1640 <5 117 949 400 47.7 90.2
3 F 17 years 1261 <5 137 630 625 35.1 18.4
Partial IgA deficiency
4 M 4 years 1223 17 120 933 <8.0 22.8 <30
5 F 3 years 1644 15 150 878 47.9 17.3 32.1
6 F 3 years 869 27 106 306 69.3 27.6 3.8
7 M 4 years 887 45 101 295 97.0 40.0 4.4
8 M 4 years 1624 8 100 1090 120 74.7 <3.0
Secondary IgA deficiency
9 F 7 years 913 12 105 602 148 52.8 16.5
10 M 13 years 705 9 39 852 345 49.8 6.4

that decreased expression levels of Io. germline tran-
scripts before a class switch may be the cause of se-
lective IgAD, and B-cell differentiation might be dis-
turbed after a class switch in partial IgAD patients.10
Husain et al. reported that the increased destruction
of a subset of B cells is the cause for the inability to
produce IgA in IgAD patients.11

The association between IgAD and common vari-
able immunodeficiency (CVID) has been discussed,3
and it was reported recently that some CVID and
IgAD patients have mutations in TNFRSF13B (encod-
ing TACI; transmembrane activator and calcium-
modulator and cyclophilin ligand interactor).12.13

The molecular weights of the IgAl and IgA2 heavy
chains are both approximately 53 kD. The ol and o2
genes show about 97% of its identity.14 This high ho-
mology between them makes it difficult to analyze
the ol and o2 genes separately. The o-chain constant
region of both ol and 02 genes is encoded by 3 ex-
ons. The hinge region of the human o chain is en-
coded at the beginning of the second exon. The
hinge region of the a2 gene shows a deletion of 39
nucleotides (corresponding to 13 amino acids) when
compared with that of the ol gene.l15 To clarify the
pathogenesis and immunological reactions of IgAD
clear, we analyzed ol and o2 gene expression in
IgAD patients. In this study, we devised a new
method to determine the expression levels of the ol
and o2 genes, and analyzed selective, partial and sec-
ondary IgAD patients.

METHODS

SUBJECTS

As shown in Table 1, we analyzed 3 selective IgAD
patients (patients number 1, 2 and 3) with serum IgA
levels below the detection limit (<5 mg/dl), 5 partial
IgAD patients (patients number 4, 5, 6, 7, and 8) with
serum IgA levels above 5 mg/dl but having more
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than 2 standard deviations (SDs) below the normal
level, and 2 secondary IgAD patients (patients num-
ber 9 and 10) whose conditions were caused by epi-
leptic medication. Ten controls were also included in
this study. Two of the 10 controls were child volun-
teers under 16 years of age, and the other 8 were
adult volunteers 16 years or older. We obtained in-
formed consent from the patients, controls, and par-
ents of minors.

CELL PREPARATION

Peripheral blood mononuclear cells (PBMCs) were
collected in heparin and separated by gradient cen-
trifugation in FicollPaque (GE Healthcare Bio-
Sciences AB, Uppsala, Sweden).16 The cells were sus-
pended at a density of 106/ml and incubated for 24
hours in RPMI 1640 medium supplemented with 10%
heatinactivated fetal calf serum, 2 mmol/1 I
glutamine, 100 U/ml penicillin and 100 png/ml strep-
tomycin.10 In comparison with non-cultured cells,
cells cultured for 24 hours showed higher levels of o1
and o2 gene expression (unpublished data).

c¢DNA SYNTHESIS AND PCR AMPLIFICATION

We extracted total RNA from PBMCs using an Iso-
gen kit (Nippon Gene, Tokyo, Japan), and cDNA syn-
thesis was carried out using 1 or 2 ug of total RNA
with oligo-dT and M-MLYV reverse transcriptase (Invi-
trogen, Carlsbad, CA, USA). We used the following
PCR primer pair, which was targeted to the common
sequence area of the ol and o2 genes: sense 5-
CCTGGTCACCGTCTCCTCA-3* (placed at the J
exon; Gene Bank accession number-1.20778) and an-
tisense 5-TCACGCTCAGGTGGTCCTTG-3’ (placed
at the Ca CH2 exon)!? (Fig. 1A). The PCR fragments
included the CH1, hinge and CH2 regions, and the
size was 532 bp for the a1 gene and 493 bp for the o2
gene. The PCR program was 35 or 40 cycles of 94C

Allergology International Vol 58, No1, 2009 www.jsaweb.jp/
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Fig. 1 Structure and expression of the of and o2 genes. (A) The primer pair was targeted to the com-
mon sequence area of the ot and o2 genes. These figures show mature Co. gene transcripts. The arrows
indicate the positions of the primers. The black box indicates the deletion of 39 bases. VDJ: variable diver-
sity joining region, CH: constant heavy chain. (B} RT-PCR analysis of RNA extracted from the PBMCs of
a control subject, starting from 1 i or 2 pl of cDNA and using 35 or 40 cycles. The two lanes at the left
show PCR products amplified from the template DNA, which are T-vectors containing the IgA1 (lane 1) or
jgA2 {lane 2) genes. (C) RT-PCR analysis of RNA extracted from the PBMCs of control subjects and
IgAD patients. The o fragment, o2 fragment, and hetero-duplex formation are indicated by arrows.
GAPDH was used as a control.

for 1 minute, 60°C for 1 minute, and 72°C for 1 minute control.
using 1 or 2 ul of cDNA. The PCR products were run

on 4% agarose gels for 120 minutes. Glyceraldehyde- DNA EXTRACTION AND PCR AMPLIFICATION
3-phosphate dehydrogenase (GAPDH) was used as a Genomic DNA was purified from polymorphonuclear
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cells using Sepa Gene (Sanko Junyaku, Tokyo, Ja-
pan). We used the following PCR primer pair, which
was targeted at the common sequence area of the ol
and o2 genes: sense 5~TGACCAGCTCAGGCCATCT
CT-3’ and antisense 5-CTTTGCAAACCAGAGCACT
GA-3. The PCR program was 40 cycles of 94C for 1
minute, 58C for 1 minute, and 72C for 1 minute.
Four percent agarose gel electrophoresis was per-
formed for 120 minutes. The other primer pairs were
as follows: for amplification of the Ce gene, sense 5-A
CCTTCAGCGGTAAGAGAGGG-3’ and antisense 5-T
GGGAACGTACCTGCACACTT-3, (the PCR program
was 35 cycles of 94°C for 1 minute, 60T for 1 minute,
and 727C for 1 minute); for amplification of the Cy2
gene, sense 5-ATCTCTTCCTCAGCACCACCT-3’ and
antisense 5-CGTGGCACTCATTTACCCGGA:3', (the
PCR program was 35 cycles of 94C for 1 minute, 58
C for 1 minute, and 72°C for 1 minute); for the Cp
gene, sense 5-ATGTGTGTCCCCGGTGAGTGA-3’
and antisense 5~AGGGCCACCCCTGTGAACAGA-3’,
(the PCR program was 35 cycles of 94C for 1 minute,
58C for 1 minute, and 72C for 1 minute).

QUANTIFICATION OF IgA SUBCLASSES IN
PLASMA

The levels of the IgA subclasses in plasma were
measured by enzyme-linked immunosorbent assay
(ELISA). For IgAl, coating was performed with a
mouse monoclonal anti-IgA1l (NI69-11), and detection
of IgAl was performed with horseradish peroxidase
(HRP)-labeled goat anti-human IgA (Cappel, Organon
Teknika, Turnhout, Belgium).!8 For IgA2, coating
was performed using goat anti-human IgA (BETHYL,
Montgomery, TX, USA), and detection of IgA2 was
performed using mouse anti-human IgA2-HRP
(B3506B4).19 ELISA plates were coated overnight at 4
T with mouse monoclonal anti-IgAl (diluted to 1 :
200 with 0.05 M sodium carbonate, pH 9.6) or goat
anti-human IgA (diluted to 1 : 100 with 0.05 M so-
dium carbonate, pH 9.6). The plates were washed
then incubated with standard serum and plasma dilu-
tions. IgAl was detected using goat anti-human IgA-
HRP (diluted to 1 : 10000 with 1% bovine serum albu-
min [BSA] in phosphate-buffered saline [PBS]-0.02%
Tween 20), and IgA2 was detected using mouse anti-
human IgA2-HRP (diluted to 1 : 1000 with 1% BSA in
PBS-0.02% Tween 20). The samples were tested re-
peatedly. The lower limits of IgAl and IgA2 detection
were 5 ng/ml and 1 pg/ml, respectively.

RESULTS

PCR AMPLIFICATION OF at AND a2 GENE
EXPRESSION

RT-PCR analysis was performed using primer pairs
that amplified both a1 and o2 mRNAs and could dis-
tinguish a2 mRNA from o1l mRNA taking advantage
of the deletion of 39 bases in the hinge region of the
o2 gene. Various PCR conditions were tested, and
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the optimal conditions were deemed to be 2 ul of
cDNA and 40 cycles of amplification (Fig. 1B). Con-
trol samples gave an intense ol band and a less-
intense, shorter o2 band in all 4 PCR conditions. An-
other band with less electrophoretic mobility than the
ol band was determined to be a hetero-duplex forma-
tion of the ol and o2 fragments, because the subclon-
ing of this band yielded clones of the ol and o2 frag-
ments. Figure 1C shows ol and o2 gene expression
in 10 IgAD patients. In 3 selective IgAD patients (pa-
tients number 1, 2 and 3), no expression of the ol
and o2 genes was detected. Three partial IgAD pa-
tients (patients number 5, 6 and 7) and 2 secondary
IgAD patients (patients number 9 and 10) showed o2
and ol gene expressions; however, patient No. 4
showed only o2 gene expression, but no a1 gene ex-
pression. One partial IgAD patient (No. 8) showed no
bands in this RT-PCR analysis.

PLASMA IgA LEVELS IN CONTROLS AND IgAD
PATIENTS

Plasma IgAl and IgA2 levels were assayed separately
(Table 2). The IgAl levels were much higher than
the IgA2 levels in the 10 controls. In the 3 selective
IgAD patients, plasma IgAl and IgA2 levels were very
low. One partial IgAD patient (patient No. 4) had a
normal IgA2 level, but no detectable IgAl. This find-
ing is in accordance with the result of this patient
showing no ol gene expression in PBMCs. Although
the 1gA2 level of patient No. 5 was below the thresh-
old, other patients with partial IgAD (patients number
6, 7, 8) showed various IgA1l and IgA2 levels although
these levels were much lower than that of the control

group.

PCR AMPLIFICATION OF THE IMMUNOGLOBU-
LIN GENES OF IgAD PATIENTS

In patient No. 4, ol gene expression was not detected
and no IgAl protein was detected in his plasma. As
shown in Table 1, the plasma levels of the IgG sub-
classes showed that IgG2 and IgG4 levels were below
the detection limits. Hence, we carried out PCR am-
plification of the genomic o2 and ol genes, together
with the y, ¥2 and € genes. As shown in Figure 2, no
PCR products were detected for the al, v2 and ¢
genes in patient No. 4, whereas they were clearly be
detected in 2 control and other IgAD patients. A large
genomic deletion of the A1-GP-G2-G4-E genes can be
proposed as the molecular basis of IgAD in patient
No. 4.

LONGITUDINAL CHANGE IN THE SERUM IgA
LEVEL OF PATIENT NO. 4

The immunological data of 2 families of patients with
12G2-1gG4-1gAl1-IgE deficiency, including patient No.
4, are shown in Table 3. The serum IgA levels of pa-
tient No. 4 over time are shown in Table 4. The pa-
tient’s IgA levels remained at a level more than 2 SDs

Allergology Intemational Vol 58, No1, 2009 www.jsaweb.jp/
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Table 2 The levels of IgA subclasses and igA1/IgA2 ratios in plasma as measured by ELISA

bationt No. 'evSEﬁ;UT n:g% ) Plasma IgA1 and IgA2 levels (mg/dI) \A/IgAZ ratio mRNA expression Genes
IgA1 IgA2 o 02 ol a2
Selective IgA deficiency
1 <5 2.48 + 0.26 ND? NGt -1 - +$ +
2 <5 ND ND NC - - + +
3 <5 2.16 + 0.74 ND NC - — + +
Partial igA deficiency
4 17 ND 13.67 £ 1.39 NC - + - +
5 15 271 £ 0.36 ND NC + + + +
6 27 8.28 + 0.52 0.91 £ 0.25 8.40 + + + +
7 45 29.29 + 6.83 4.88 = 0.54 6.97 + + + +
8 8 6.28 + 0.67 0.86 = 0.45 8.87 - - + +
Secondary IgA deficiency
9 12 8.59 + 1.77 1.17 £ 0.36 6.56 + + + +
10 9 0.56 + 0.09 0.18 = 0.03 3.03 + + + +
Controls (n = 10) 128.02 £ 36.98 19.39 + 8.93 7.96 + 414

1 ND : undetected, ¥ NC : not calculated.
§ + : detected, 1~ : undetected.

1 2 1 2 3 4 5 6 7 8 9 10
\ J \ )l o\ )
Controls Selective Partial Secondary
IgAD patients IgAD patients IgAD patients

Fig. 2 PCR analysis of immunoglobulin genes in IgAD patients. PCR analysis of al, 02, ¢, Y2 and
genes was performed in control subjects and igAD patients. Two different sized bands for the o gene ap-
peared, corresponding to the o1 and o2 genes, as indicated by arrows.

below the normal value, but above 5 mg/dl. The im-
munological data of his family members are shown in
Family 1 (Table 3). The patient’s older brother was
also found to have the same gene deletion. His serum
1gA level was 21 mg/dl, and he also showed a pattern
of partial IgAD. The serum IgA levels of another pa-
tient with IgG2lIgG4-IgAl-IgE deficiency and her
family members are shown as Family 2 (Table 3).8
Both the patient and her older sister had the same
deletions of the A1-GP-G2-G4-E genes. The serum
IgA level of the patient’s sister was 18 mg/dl and she

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

also showed a pattern of partial IgAD.

DISCUSSION

The serum IgA subclass levels of IgAD patients, par-
ticularly selective IgAD patients, are very difficult to
measure by ELISA; thus, there have been few reports
on the levels of serum IgA subclasses in IgAD pa-
tients. The ol and o2 gene expression levels are low
in most IgAD patients, and there have been no previ-
ous reports on the gene expression levels of the IgA
subclasses in these patients.2%23 Hummelshoj et al.
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Table 3 Immunological data of patient no. 4 and 2 families of patients with 1gG2-lgG4-1gA1-IgE deficiency

Family 1
Serum level
Age mg/dl 1U/ml
IgA 1gG1 lgG2 1gG3 igG4 IgE
Patient No. 4 4 17 933 < 8.0 22.8 <3.0 <20
Father 45 119 659 451 58.0 19.0 70.0
Mother 41 201 730 224 254 14.2 190.0
Brother 11 21 952 < 8.0 23.3 <3.0 <20
Family 2
Serum level
Age mg/dl 1U/mi
IgA 1gG1 IgG2 1gG3 IgG4a IgE
Patient 1 <5 996 <8.0 10.4 <3.0 <5.0
Father 27 161 720 281 13.7 141 214.8
Mother 26 180 794 248 16.7 8.2 4.2
Sister 3 18 645 < 8.0 15.1 < 3.0 <5.0
Table 4 Longitudinal change in the serum IgA levels of patient no. 4
20m 256m 30m 38m 56m 57m

Serum IgA level {(mg/dl) 11 12 11 : 11 20 17
Normal valuet 1year 3y 4y
Mean (£+2SD) 49 (16-128) 60 (20— 149) 74 (25-174) 89 (31-202)

T data on normal values according to reference 28.

reported on the expression of germline transcripts of
the ol and o2 genes in IgAD patients.24 The germ-
line transcripts were induced during stimulation with
TGF-B, however their levels were lower than those of
control subjects. Qur report shows the expression of
mature transcripts of the al and o2 genes in partial
1gAD patients. In the 3 selective IgAD patients, no ex-
pression of ol and o2 genes was detected, presum-
ably because the expression level was too low. In 2 of
them, only plasma IgAl levels could be measured,
and in 1 of them, neither IgAl nor IgA2 levels were
unable to be measured. Patient No. 8 showed no
mRNA expression of IgA subclasses, but exhibited
detectable levels of plasma IgAl and IgA2 levels. It
might be assumed that the pathogenesis of partial
IgAD in patient No. 8 is similar to that in selective
IgAD patients. As shown in Table 2, patients number
1, 2, 3 and 8 showed no ol or o2 gene expression,
while patients number 5, 6, 7, 9 and 10 showed both
ol and o2 gene expression. There is a possibility that
the mechanism underlying IgA deficiency may be dif-
ferent between these 2 groups. The plasma IgA2 lev-
els were unable to be measured in 1 partial IgAD pa-
tient; however, 02 gene expression was seen in this
patient using our method. This method is effective for
determining whether partial IgAD patients lack ex-
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pression of the ol and o2 genes when their plasma
IgA, IgAl and IgA2 levels are under the detection
limit,

Asano et al. reported detectable levels of the Ca
mature transcripts by RT-PCR using the same sense
primer we employed and an antisense primer located
in the Ca CH1 region.10 Using our method, no ol or
o2 gene expression was detected in 3 selective IgAD
patients. There was a difference in the annealing tem-
peratures used (59T in the study of Asano et al),
and different PCR conditions may result due to
changes in the sensitivity of the assay.

IgAD patients are often associated with IgG sub-
class deficiency. In our study, 2 IgAD patients (pa-
tients number 4 and 8) had IgG subclass deficiency in
the serum. Patient No. 4 showed deletions of the y2
and e genes, and was considered to have a large
genomic deletion of the Cal, ¥Cy, Cy2, Cy4 and Ce
genes, showing the same observations reported pre-
viously in a patient.8 In Japan, only 1 case has ever
been reported. Beard et al.25 reported that IgA-IgG2-
IgG4 deficiency occurs in 4% of 73 IgAD patients. De-
letions of the A1-GP-G2-G4-E genes are the most
common deletions of the Ig heavy chain locus.26
There could be more patients with an ol gene dele-
tion who might have partial IgAD. Partial IgAD is

Allergology International Vol 58, No1, 2009 www.jsaweb.jp/
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often transient,2? however, patients who have a dele-
tion of the o gene will not show transient IgAD and
will.exhibit continuous partial IgAD.

We also classified the IgAD patients on the basis of
the expression of o1 and o2 genes. Selective 1gAD
patients showed no ol or o2 mRNA expression and
extremely low protein levels, while secondary IgAD
patients showed both mRNA and protein expressions
of IgA subclasses. Partial IgAD can be classified into
3 patterns as follows: cases showing reduced levels of
ol and o2 gene expression; cases showing no ol
gene expression but normal 02 gene expression; and
cases showing no ol or o2 gene expression.

It is sometimes difficult to determine the patho-
genic mechanisms operative in IgAD patients on the
basis of serum IgA levels. Variations in the patho-
genesis of IgAD patients might become better under-
stood by examining the protein and mRNA expres-
sion levels of IgA subclasses.
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Abstract

Primary acute myeloid leukemia (AML) with extramedullary infiltration (EMI) in multiple sites is

rare. Herein, we describe a case of infant AML with EMI in muitiple sites. She had dyspnea and
hypofibrinogenemia at diagnosis, and systemic computed tomography revealed EMI in the orbit,
gingiva, bronchial pathway, and urinary tract. Bone marrow examination confirmed the diagnosis
of AML with t(1;10)(p34;p15). No case of AML with t(1;10)(p34;p15) has been reported in the
literature. At the present time, she remains free of disease 12 months after bone marrow transplan-

tation (BMT) in the second complete remission.

© 2009 Elsevier Inc. All rights reserved.

1. Introduction

Extramedullary infiltration (EMI) includes tumor
nodules (myeloid or granulocytic sarcoma), skin infiltration
(leukemia cutis), meningeal infiltration, gingival infiltra-
tion, or hepatosplenomegaly [1]. The incidence of primary
acute myeloid leukemia (AML) with EMI is reported to be
between 7 and 49% among pediatric AML patients [1—3].
Moreover, most patients have isolated or double infiltration
sites, and primary AML with EMI in multiple sites is rare,
reportedly 0.1—-4% of pediatric AML patients [1—4].

Herein, we describe a case of infant AML with EMI
in multiple sites, namely in the orbit, gingiva, bronchial
pathway, and urinary tract. Cytogenetic analysis of bone
marrow cells revealed a 46,XX.,t(1;10)(p34;p15) karyotype.
This is the first report to describe the occurrence of AML
with t(1;10)(p34;p15). At present, she has survived without
recurrence of the disease for 12 months since bone marrow
transplantation (BMT) from a histocompatibility locus
antigen (HLA)-matched donor in the second complete
remission (CR).

2. Materials and methods
2.1. Case report

A 7-month-old girl was referred to Gifu University
Hospital because of mild elevations of liver enzymes with

* Corresponding author. Tel.: +81-58-2306386; fax: +81-58-2306387.
E-mail address: mfunato@mac.com (M. Funato).

0165-4608/09/% — see front matter © 2009 Elsevier Inc. All rights reserved.

doi:10.1016/j.cancergencyto.2009.04.010

a l-month history of congestion and poor weight gain,
Physical examination and hematological data on admission
were unremarkable, except for a slight increase in serum
level of aspartate transaminase of 99U/liter, alanine trans-
aminase of 62 Ulliter, and lactate dehydrogenase of 504
Ulliter. We tentatively diagnosed her as having mild eleva-
tions of liver enzymes as a result of viral infection.

Eight days after admission, hoarseness and a bulging
appearance of the eyelids and gingiva became evident
(Fig. 1). Blood examination showed a decrease in fibrin-
ogen to below 50 mg/dL., without immature cells in the
peripheral blood smear. In addition, computed tomography
of the total body revealed the presence of an infiltrating
mass lesion in the left urinary tract, an infiltrating orbital
lesion, and mild enlargement of the liver (Fig. 2). A bone
marrow examination then confirmed the diagnosis of
AML (FAB M4; Fig. 3A). Flow cytometric immunopheno-
typing in the blast cells was positive for CD15, CD33,
CD34, CD64, and CD65. No leukemia cells were detected
in the cerebral spinal fluid.

On the 11th hospital day, chemotherapy, according to the
Japan Association of Childhood Leukemia Study (JACLS)
AMLI9 protocol, consisting of etoposide (VP16), cytosine
arabinoside, mitoxantrone, and idarubicin, was started. On
the same day, she developed dyspnea and needed mechan-
ical ventilation support for 7 days. Two months later, she
achieved CR and received four courses of chemotherapy
according to the JACLS AML99 protocol as consolidation.

However, she relapsed 4 months later. A bone marrow
examination revealed the same myeloblasts. After she
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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 TGFP1 gene. We in-
vestigated age-related changes of plasma TGFf1 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-
ginaily 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 TGFp1 level at 6 months was the highest of the 3 measurements (at 0, 6, and 14 months
of age). The TGFB1 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, TGFf1 may play a role in the patho-

genesis of bronchial asthma.

KEY WORDS

bronchial asthma, single nucleotide polymorphism (SNP), transforming growth factorp1 (TGFB1), umbilical cord

blood

INTRODUCTION

Transforming growth factorfl (TGFB1) 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.?4 The levels of TGFP1 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 TGFp1
gene was associated with elevated serum TGFp1 lev-
els and also associated with elevated levels of total
IgE in allergic asthma patients.5.6

In this study, we investigated the age-related
changes of TGFB1 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 39w3ad *+ 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
= 0.61 = 0.72
Plasma TGFp1 p=08 , Plasma TGFp1 | P ,
level /
evels (po/ml) = 5:0001 1p < 0,0007 | levels (pg/ml) 55001 1Mp < 0.0001 |
2500 2500
2000 : 2000
L}
1500 s 1500
'
1000 ¥ t 1000
] T T
500 7 500
N RO
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 levels at 0, 6, and 14 months of age. (B) Changes of plasma TGFB1 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 B1 LEVELS
Plasma samples obtained from heparinized blood
were kept at ~-30C. Plasma IgE levels were deter-
mined by chemiluminescent enzyme immunoassay
and plasma TGFp1 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#B1
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 TGFj1 lev-
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