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HOMEOSTASIS OF THE B-1 COMPARTMENT AND THE IL-5/IL-5R SYSTEM
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FIGURE 8. Ab production in [L-5Ra™"" mice that were administered LPS orally. A, IL-5Ra~'~ B-1 cells express normal levels of TLR4/MD2 and
RP105. Representative histograms show TLR/MD2 or RP105 expression on B-1 cells from IL-SRa™* or IL-5Ra™’'" mice. B, IgA and IgGl levels are
not elevated in IL-5Ra™~ mice by oral injection of LPS. LPS (0.1 mg/200 pliweek) was injected orally into the gut of IL-SRa** or IL-5Ra™'~ mice
for 3 wk. On day 7 after the last injection, the seram and fecal Ig levels of the mice were analyzed by isotype-specific ELISA. The mean Ig levels of the
indicated group of mice are represented as a bar. *, p < 0.05. €, The numbers of Ab-producing cells are reduced in LPS-injected IL-SRa™"" mice, IgM-,
IgG-, or IgA-producing cells were examined in the LP, PP, peritoneal cavity, and spleen (SP) from LPS-injected mice by isotype-specific ELISPOT assay.
The results represent the mean £ SD of the duplicate wells. Representative results of three independent experiments are shown (4 and C).

on B-1 cells, not on B-2 cells (Fig. 7). Moreover, IL-5Ra™"~ B-1
cells showed a defective response to anti-CD40 or anti-CD40 plus
IL-4 (Fig. 64). Taking these results together, we propose that con-
stitutive stimulation by IL-5 is important for the full activation of
B-1 cells in T cell-dependent response as well as LPS-dependent
response in mucosal tissues as described below.

IL-5 and B-1 cell-derived IgA

IL-5 is an important cytokine for the mucosal immune system,
which distinguishes it from the systemic immune compartment
(54). IL-5 is postulated to be a major cytokine that induces sIgA™
B-2 cells to differentiate into IgA-producing plasma cells in PP and
10 a lesser extent in the spleen (25, 54). Approximately one-half of
IgA plasma cells in the LP of the intestine appear to be derived
from B-1 cells in the peritoneal cavity, and B-1 cell-derived IgA is
specific for commensal bacteria (55). Hiroi et al. (37) have re-
ported the critical role of IL-5 in IgA secretion in mucosal tissues
using IL-5Ra™’" mice. In IL-5Ra™'~, the number of sIgA™ B-1
cells from the effector site are significantly reduced, and IgA levels
in mucosal secretions are reduced (37). Interestingly, there were
significant differences in serum and fecal IgA levels in LPS-treated
IL-5Ra™*'* and IL-5Ra~'" mice (Fig. 88). Although the B-1 cells
of IL-5Ra™"~ mice showed defective proliferation and Ig produc-
tion upon LPS stimulation in vitro (Fig. 6), the expression levels of

TLR4/MD2 and RP105 and the sensor of LPS signals on IL-
5Ra™*"™ B-1 cells were comparable with those on IL-5Ra—*~ B-1
cells (Fig. 84). The IL-5-mediated signaling pathway may couple
or cross-talk with the LPS-induced signaling pathway. Because
LPS, CD40, and BCR triggering of B cells results in the activation
of NF-kB factors (56), NF-«B activation induced by LPS or CD40
may be influenced by IL-5 in B-1 cells.

In summary, the present study provides new insight for an un-
derstanding of the important role of IL-5 in homeostatic prolifer-
ation and survival of mature B-1 cells. Furthermore, constant IL.-5
stimulation may be required for optimal B-1 cell activation in
respense to CD40 or LPS requirements.
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Abstract

CD4™* Th1 cells play a critical role In the induction of ceil-mediated immune responses that are
important for the eradication of intracellular pathogens. Peptide-25 is the major Th1 epitope for Ag85B
of Mycobacterium tuberculosis and Is immunogenic in I-A® mice. To elucidate the role of the TCR and
IFN~y/IL-12 signals in Th1 induction, we generated TCR transgenic mice (P25 TCR-Tg) expressing TCR
a- and p-chains of Peptide-25-reactive cloned T cells and analyzed Th1 development of CD4™ T cells
from P25 TCR-Tg. Naive CD4" T cells from P25 TCR-Tqg differentiate into both Th1 and Th2 cells upon
stimulation with anti-CD3. Naive CD4™ T cells from P25 TCR-Tg preferentially develop Th1 cells upon
Peptide-25 stimulation in the presence of I-A” splenic antigen-presenting cells under neutral conditions.
In contrast, a mutant of Peptide-25 can induce solely Th2 differentiation. Peptide-25-induced Th1
differentiation Is observed even In the presence of anti-IFN-y and anti-IL-12. Furthermore, nalve CD4*
T cells from STAT1 deficient P25 TCR-Tg also differentiate into Th1 cells upon Peptide-25 stimulation.
Moreover, Peptide-25-loaded I-AP-transfected Chinese hamster ovary cells induce Th1 differentiation
of naive CD4™ T cells from P25 TCR-Tg in the absence of IFN-y or IL~12. These results imply that
interaction between Peptide-25/1-A® and TCR may primarily influence determination of the fate of
naive CD4" T cells in their differentiation towards the Th1 subset.

Introduction

Naive CD4* Th cells recognize an antigenic peptide through
their TCR in the context of MHC class Il molecules on antigen-
presenting cells (APC) and undergo differentiation to effector
cells that can produce cytokines and chemokines, During this
process, naive CD4* T cells can differentiate to at least two
functionally distinct subsets of cells, represented by Th1 and
Th2 (1). Th1 cells produce IFN-y and lymphotoxin {TNF-B} in
addition to IL-2 and are responsible for directing cell-mediated
immune responses leading to the eradication of intracellular
pathogens such as Mycobacterium, viruses and parasites (1~
4). Th1 cells alse regulate 1gG2a and 1gG3 antibody pro-
duction via [FN-y production, which is involved in the
opsonization and phagocytosis of particutate microbes. Th2

cells secrete IL-4, IL-5 and IL-13 as effector cytokines and are
responsible for humoral immune responses for the eradication
of helminths. Th2 cells also cause inflammatory damage
during allergic diseases, such as asthma and atopic derma-
titis. The process by which an uncommitted Th cell develops
into a mature Th1 or Th2 subset is a matter of fact for regulating
the immune response to various antigens.

Considerable progress has been made in identifying the
factors that govern the progression of cell differentiation
during the generation of Th subsets (2-4). Using T cells
stimulated with polycional activators or T cells from mice
expressing transgenic antigen receptors of known specific-
ities, it has become clear that Th1 and Th2 subsets develop
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from the same T cell precursor (5-7), which is a naive CD4* T
cell. There is a body of evidence to indicate that the cytokines
IL-12 and IL-4 are key determinants of the Th1 and Th2
response, respectively (4). For example, IL-12 directs Thi
development from antigen-stimulated naive CD4* T cells and
activates STAT4 in Th1 cells (8,9). In terminally differentiated
Th1 cells, successive IFN-y production can occur through TCR
ligation or IL-12 and IL.-18 stimulation. Using mice deficient
in either cytokines or STAT, it has been shown that activation of
the IFN-yR/STAT1 is also important for the differentiation of
CD4" Tcells into Th1 cells (10,11). The IL-4R/STATE signaling
pathway plays a central role inthe differentiation of naive CD4*
T cells into Th2 cells (12-14). The balance of IFN-y and IL-4
levels present during T cell activation is considered to be the
major influence on Th1 versus Th2 differentiation. Although the
strength of the interaction mediated through TCR and MHC/
peptide complex is suspected to affect the lineage commit-
ment of Th cells to Tht ¢ells and clonal expansion (15-17), it
remains unclear whether Th1 cells can develop from naive
CD4* T cells upon antigenic peptide stimulation in the
presence of APC under neutral conditions.

Ag85B (alsoknown as o antigen or MPT59)is the most potent
antigen species yet purified for both humans and mice (18).
AQ85B can elicit strong Th1 response in vitro from PPD*
asymptomatic individuals (19-21). We have shown that in vitro
stimulation of lymph node cells from Mycobacterium tubercu-
losis-primed C57BL/6 mice with Ag85B induces the production
of IFN-y and IL-2 and expansion of CD4* T cells expressing
VP11 of TCR (TCRVB11) in an |-AP-restricted manner (22,23).
We identified the 15-mer peptide (Peptide-25), covering amino
acids residues 240-254 (FQDAYNAAGGHNAVF) of Ag85B, as
the major epitope for Ag85B-specific TCRVB11™ T cells {22},
Using Peptide-25-reactive VB11* Tcell clones (BP1, BP4, BMS,
BM7 and BM12) and substituted Peptide-26 mutants, we
determined which amino acid residues within Peptide-25
were critical for TCR recognition (23,24). Peptide-25 contains
the motif that is conserved for I-A® binding and requires pro-
cessing by APC to trigger Ag85B-specific TCRVB11* T cells
{22). Active immunization of C57BL/6 mice with Peptide-25 can
induce the differentiation of CD4* TCRVB11* Th1 that produce
IFN-v and TNF-o and protect against subsequent infection with
live M. tubercuiosis H37Rv (23).

Here we generate transgenic mice (P25 TCR-Tg) express-
ing functional TCR that interacts with Peptide-25 in conjunction
with 1-A®. We report that naive CD4* T cells in the spleen of
P25 TCR-Tg mice respond specifically to Peptide-25 in the
presence of APC from I-A® mice and diiferentiate to Th1 cells
in the absence of IFN-y or IL-12 under neutral conditions.

Methods

Mice

C57BL/6 mice were purchased from Japan SLC Inc.
{Hamamatsu, Japan). STAT1 deficient mice were kindly
provided by Dr R. D. Schreiber, Center for Immunology,
Washington University School of Medicine. These mice were
maintained under specific pathogen-free conditions in our
animal facility according to our Institute's guidelines, and used
at 8-15 weeks of age.

Cell lines

Five different Peptide-25-reactive CD4* Th1 clones (BP1, BP4,
BMS, BM7 and BM12) were established in vitro by culturing
lymph node cells from C57BL/6 mice immunized with heat-
kiled M. tuberculosis H37Rv as described (23). TG40 is
a vartant T cell hybridoma cell line lacking the expression of
surface TCR-o and -p chains that has been used a recipient
cellsfor TCR (25). PLAT-E is a packaging cell line that produces
retroviruses (26). Chinese hamster ovary cells expressing I-AP
(1-A®-CHOQ) (27) were kindly provided by Dr Y. Fukui (Medical
Institute of Bioregulation, Kyushu University, Fukuoka, Japan).

Reagenis and antibodies

All peptides including Peptide-25 and its substituted mutants
were synthesized by Funakoshi Co. Ltd (Tokyo, Japan). Anti-
IFN-y-FITC (XMG1.2), anti-IL-4-allophycocyaninn (11811),
anti-VB11-PE (RR3-15), anti-CD4-FITC or -PE (GK1.5), anti-
CD8-PE (53.6.72), anti-CD25-FITC (7D4), anti-CD28-FITC
{37.51), anti-CDB93-FITC (H1.2F3), anti-CD44-FITC (IM7), anti-
CD45RB-PE (16A) and anti-LFA1-FITC (2D7) were purchased
from BD Biosciences PharMingen (San Diego, CA). Purified
anti-CD3 £ (2C11), anti-IFN-y (R4-6A2) and anti-IL-12 (C17.8)
were purchased from BD Biosciences PharMingen.

Subcloning of TCR

Total cellular RNA was isolated from BP1 by using acid
guanidinium-phenol-chloroform methad. cDNA was synthe-
sized with random hexamer primers and superscript Il cDNA
kit (GIBCO BRL, Grand Island, NY). 5'-Rapid amplification of
cDNA end (5'-RACE) was performed using the 5'-RACE
Systemn Ver.2.0 (Life Technologies, Rockville, MD) according to
the manufacturer's instructions, The first strand of cDNA was
synthesized with gene-specific primer 1 (5’-ATCCATAGCTTT-
CATGTCCA for TCR a-chain and 5'-GCCATTCACCCAC-
CAGCTCA for TCR B-chain). The first PCR amplification was
carried out by using gene-specific primer 2 (5'-GCGAATTCT-
GAGACCGAGGATCTTTTAACTGGTAC for TCR a-chain and
5 -GCGTCGACTCTGCTTTTGATGGCTCAAAC for TCR B-
chain). The second PCR amplification was carried out with
nested gene-specific primer (5'-GCGTCGACACAGCAGG-
TTCTGGGTICTGGAT for TCR w-chain and 5'-GCGTCGA-
CAAGGAGACCTTGGGTGGAGTCAC for TCR B-chain). The
PCR fragment was subcloned in Bluescript SK* and sequen-
ces by automatic DNA sequencer (ABI PRISM 3700 DNA
analyzer, Applied Biosystems, Foster City, CA).

Retrovirus-mediated gene transfer

Full length cDNAs genes encoding the TCR «- and B-chains
of BP1 were inserted into a retroviral vector pMX-IRES-GFP
vector, pMX-BP1-a and pMX-BP1-B, respectively, and were
transfected into a retroviral packaging cell line, PLAT-E with
LipofectAMINE Plus Reagent (GIBCO BRL) (28) The cultured
supernatant of PLAT-E after 24 h culture was collected, and
added to TG40 cells together with DOTAP Liposomal Trans-
fection Reagent {(Roche Diagnostics GmbH, Mannhgim,
Germany) (29). Transfection was monitored by the cell surface
expression of TCR by FACS analysis. TG40 cells were
transfected with each of plasmids or in their combinations



and selected TG40 cells expressing TCR-aB (TG40-BP1).
TG40-BP1 cell iine for expression of CD4 (TG40-BP1/CD4)
was established by electroporation of the expressible con-
structs of full length CD4 cDNA inta TG40-BP1 cells by Gene
Pulser (Bio-Rad laboratories, Hercules, CA).

Establishment of transgenic mice

The transgenic TCR-u and -B genes were isolated from BP-1
as described in the previous session. The DNA sequences of
the PCR products revealed that BP1-TCR-a was compdsed of
Vad, Ju15 and Cal, and the TCR-B chain of VB11, JB2.3 and
Cp2. The pHSE3’ plasmid contains the H-2K” promoter
{provided by H. Pircher), a poly(A) signal from B-globin and
the immunoglobulin heavy chain enhancer (30). The full-length
BP1 TCR « and B cDNAs were subcloned into the Sall and
Bambl sites of the expression vector pHSE3' plasmid under
control of the H-2K® promoter. The constructs were excised
from these plasmids by Xhol cleavage for TCR-a chain and
Apall cleavage for TCR-B, and purified by using QIAEX Il gel
extraction system (Qiagen Inc., Valencia, CA). The purified
expression constructs for TCR x and B cDNAs were co-
injected into fertilized eggs of CS7BL/G mice. We finally
obtained a TCR-Tg line of mice expressing TCR-Va5-Vp11
(P25 TCR-Tg). P25 TCR-Tg mice were bred to STAT1 deficient
mice (STAT1 deficient P25 TCR-Tg) on a C57BL/6 background
in our animal faculty under specific pathogen-free conditions.

Preparation of naive CD4™ T cells and APC

Splenic T cells from either P25 TCR-Tg or littermate C57BL/6
mice were enriched by passing splenocytes through a nylon
wool column. To further purify primary CD4* T cells, the spienic
T cells were incubated with a mixture of Microbead-bound
monoclonal antibodies that were specific for CD8 (53-6.72),
CD49%b (DX5), B220 (RA3-6B2) and |-A® (M5/114.15.2)
(Miltenyi Biotec, Bergisch Gladbach, Germany). MEL-14Migh
T cells were purified from splenic CD4* T celis by positive
sorting using MACS after treatment with anti-CD&2L (MEL-14)-
Microbeads (Miltenyi Biotec) and were used as naive CD4* T
cells. The purity of CD4* naive T cells was >98%. Splenocytes
from wild-type (WT) C57BL/6 mice were incubated with
a mixture of anti-Thy1 (30-H12)-Microbeads and anti-CD49b-
Microbeads (Miltenyi Biotec) to deplete T cells and NK cells.
Cells were then recovered by passage through a MACS column
according to the manufacturer’s instructions. Recovered cells
were iradiated with a total of 3500 Rad, and used as APC. I-A°-
CHO was incubated with 10 pg/ml Peptide-25 for 12 h and
extensively washed and incubated with 50 pg/ml mitemycin C
for 15 min in 37°C and used as APC in some experiments.

Cell culture

Stably transfected TG40-BP1 or TG40-BP1/CD4 cells {1 X
10%culture) were stimulated with various concentrations of
peptide in the presence of iradiated spleen cells (5 x 10%
culture) from various strains of mouse in 96-well flat-bottom
microtiter plates (Nune, Roskilde, Denmark). The cuitured
supernatants were collected and subjected to ELISA.

To examine Th differentiation in vifro, two-step cultures were
empiloyed. For the first culture, purified splenic naive CD4* T
cells (5 x 10%cuiture) were activated for 6 days with 10 pg/ml
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of anti-CD3 or 10 ng/ml Peptide-25 or its substituted mutant in
the presence of T- and NK cell-depleted C57BL/6 splenic APC
(2.5 x 10%culture) in a 48-well plate. In some experiments, we
used Peptide-25 loaded i-AP-CHO (2.5 X 10%/culiure) as APC.
For the second culture, the cells collected from the first culture
were extensively washed and dead cells were removed by
centrifugation through Ficol-Hypague gradients, The viable
primed CD4* T cells were re-stimulated with 10 pg/m! of anti-
CD3 or 10 ug/ml of Peptide-25 in the presence of splenic APC
or 1 pg/well of immobilized anti-CD3.

intracellular cytokine staining and FACS analysis

We identified cytokine-producing cells by cytoplasmic staining
with anti-cytokine antibody as previously described (24). First,
2 pM of Menensin (BD Biosciences PharMingen) was added to
the secondary culture for the last 4 h of each stimulation. The
cells were harvested at 24 h of the secendary culture and
stained with 7-amino-actinomycin D and with anti-Vvg11-PE
or anti-CD4-PE. The cells were fixed with 4% formaldehyde
after washing with 0.05% azide-1% FCS-PBS, permeabilized
with 0.1% saponin, and stained with both anti-IFN-y-FITC
and anti-lL-4-allophycocyanin. Isotype-matched control anti-
bodies were also used. The cells stained were gated on live
VB11- or CD4-positive cells and analyzed on & FACSCalibur
instrument (Becton Dickinson, Mountain View, CA).

ELISA

Amounts of IL-2, IL-4 and IFN-y in the culture supernatant were
measured by ELISA. All monoclonal antibodies specific for
mouse IL-2, [L-4 and IFN-y used for capture and detection of
cytokines were purchased from BD Biosciences PharMingen.
ELISA was performed following the instruction of BD Bio-
sciences PharMingen.

ELISPOT assay

Cytokine producing cells were identified by ELISPOT assay,
using the IFN-y and IL-4 ELISPOT assay kits (R&D Systems,
Minneapolis, MN). After naive CD4* T cells from P25 TCR-Tg
mice were cultured with Peptide-25-loaded -AP-CHO for 20 h
in & 96-well plate coated with capture antibodies, ELISPOT
assay was performed following the manufacturer's instruc-
tions. Spots were analyzed by KS ELISPOT compact (Carl
Zeiss, Oberkochen, Germany).

Results

Analysis of Peptide-25 recognition by reconstituted
TCR-wf pairs

To investigate the functional TCR able to bind a Peptide-25/
MHC complex at the clonal level, we first determined the
usage of TCR-a and -B chains of Peptide-25-reactive VB11*
Th1 clone (BP1) that was of C57BL/6 (I-A®) mouse origin (23)
with the use of 5-RACE. BP1-TCR a-chain was found to be
composed of Va5 and Jaul5 and Co (Accession No.:
AB183189). BP1-TCR p-chain was also identified to be V11,
Jp2.3 and Cf2 {Accession No.; AB183190).

In order to anatyze Peptide-25-recognition by TCR dimers
composed of the TCR « and B-chains of BP1, TCR «- and
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B-chain were subcloned into a retrovirus vector and then trans-
fected by retrovirus-mediated gene transfer into a TCR-af-
and CD4-deficient recipfent T cell hybridoma cell line, TG40
(28), and the reconstruction and functionai specificity of the
TCR was assessed by measuring IL-2 production (Fig. 1).
TG40-BP1 produced substantial amounts of IL-2 in response
to Peptide-25 plus APC in a dose dependent manner.
Enforced expression of CD4 molecules on TG40-BP1 (TG40-
BP1/CD4} augmented IL-2 production even upon a lower dose
of Peptide-25 stimutation (0.3 pg/ml). TG40-BP1/CD4 pro-
duced much mare IL-2 than TG40-BP1 when stimulated with
higher concentrations of Peptide-25 (10 pg/ml) (Fig. 1A). TG40
transfectants of TCR-« alone or TCR-B alone did not respond
to Peptide-25 in the presence of splenic APC (data not shown).
These results indicate that recombinant TCR «- and B-chains
can reconstruct functional TCR and recognize Peptide-25/1-A°
complex to become IL-2-producing cells.

The specificity of BP1 TCR for Peptide-25 and splenic APC
from C57BL/6 mice was examined by culturing TG40-BP1/CD4
with various I-AP-binding peptides in the presence of APC from
different strains of mice. Although we do not show data here,
among the various peptides only Peptide-25 could induce [L-2
production by TG40-BP1/CDM4 in the presence of splenic APC
from C57BL/6 {I-A”) mice. The 11-mer from Peptide-25 was
stimulatory while the 8-mer from Peptide-25 was ineffective. We
then stimulated TG40-BP1/CD4 cells with & mutant of Peptide-
25 as analtered peptide ligand {APL). The APL preserves those
amino acid residues within Peptide-25 essential for i-AP
binding, while one ¢of TCR-hinding amino acid residues,
glutamic acid at position 248 of Peptide-25, was substituted
to alanine, G248A. The APL stimulation at 10 pg/ml of TG40-
BP1/CD4 induced marginal IL-2 production, and the stimula-
tory activity was much lower than with Peptide-25 (Fig. 1B).

We then determined the amino acid sequences for the TCR-
o and -p chains of four other Peptide-25-reactive Th1 clones
(BP4, BM5, BM7 and BM12). All these Th1 clones responded
to Peptide-25 for proliferation and IFN-y production {23).
Analysis of the TCR-« and -p ¢chain amino acid sequences for
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Fig. 1. IL-2 production of TG40 transfectants upon stimulation with
Peptide-25. TG40 transfectants retrovirally introduced TCR-up of BP1,
TG40-BPt (TCR* CD47) and TG40-BP1 transfectants of CD4, TG40-
BP1/CD4 (TCR* CD4%) (1 x 10" cells/culture) were stimulated with
various concentrations of Peptide-25 in the presence {closed circles)
or absence {(open circles) of irradiated C57BL/G spleen cells (5 X

10° cellsfoulture) as APC i 96-well microplates. We also stimulated |

TG40-BP1/CD4 with APL (triangles) in the presence of C57BL/6 spleen
cells (5 x 10% cells/cuiture) as APC. After incubation for 24 h, {L-2 in
the cultured supernatants were titrated by ELISA.

each clone revealed no obvious differences from BP1 except
in the sequence and in the length of CDR3 regions of TCR
o- and B-chain {Supplementary table 1, available at interna-
tional Immunology Online). Taking all these results together, the
TCR-o5 and -B11 can reconstitute a functional TCR complex
that is able to recognize and respond to Peptide-25 when
presented in the context of I-AP, As BP1 is the best Peptide-
25-reactive Th1 clone with respect to IFN-y production in
response {0 Peptide-25, we chose BP1 TCR cDNAs for
generating P25 TCR-Tg mice.

Generation of Peptide-25-reactive TCR-Tg mice

We then analyzed the clonal basis of preferential Thi
development by single TCR-Tg mice line expressing TCR-a5
and -p11. We constructed transgenes for TCR a5- and pB11-
chains under the control of the H-2KP promoter, the poly(A)
signal from human B-globin gene and the immunoglobulin
heavy chain enhancer. The transgenes were excised from the
vector sequences and co-microinjected into fertilized eggs
trom C&7BL/6 mice. Transgenic mice were screened by
Southern biot analysis of tail DNA and by staining peripheral
blood T cells with anti-V11, followed by FACS analysis. We
obtained founder mice expressing Va5 -VB11~, Va5—-VpI1*
and Va5*-VB11* T cells. In the present study, we have mainly
analyzed TCR transgenic (P25 TCR-Tg) mice expressing both
TCR-Vo5 and -VBT1.

FACS analysis revealed that >85% of splenic CD4* T cells
from the P25 TCR-Tg mice expressed TCR B11-chain, while
5-7% of splenic CD4* T cells were VB11* in WT mice (22).
Over 88% of splenic CD4* Tcells from the RAG-2 deficient P25
TCR-Tg mice expressed TCR VB11-chain, Similar results were
obtained by staining spfenic CD4* T cells from P25 TCR-Tg
mice with anti-idiotypic antibody (KN7) for the recombinant
TCR ap (AK. and K.T., unpublished cbservation). We did not
observe any significant KN7* lymph node celfs from trans-
genic mice expressing TCR a-chain alone or B-chain alone. We
compared the expression patterns of LFA-1, CD25, CD28,
CD44, CD45RB and CDE9 on splenic CD4* T cells from P25
TCR-Tg mice with those from WT mice. There were no signifi-
cant differences in the expression pattern or mean fluores-
cence intensity of thase cell surface molecules between the two
groups. RT-PCR analysis revealed that T-bet and IFN-y mRNA
expressions were not detected in freshly prepared splenic
CD4* cells of P25 TCR-Tg mice. Taking these results together,
CD4* T cells from P25 TCR-Tg mice are not pre-activated
in vivo.

Naive CD4™ Teells from P25 TCR-Tg mice are able to
differentiate into both Th1 and Th2

Naive CD4* T cells from P25 TCR-Tg and WT mice were
purified from the spleen and stimulated in vitro with anti-CD3
in the presence of exhaustively T- and NK cell-depieted irra-
diated C57BL/6 splenocytes as APC. After 6 days in culture,
the proliferated cells were harvested and re-stimulated for
another day with anti-CD3 in the presence of APC. After
cutiuring, IFN-y- and IL-4-producing cells were analyzed by
intracellular staining. The cultured supernatants were sub-
jected to ELISA assay for cytokine titration. The results
revealed that in vitro stimulation of naive CD4* T cells from



P25 TCR-Tg mice with anti-CD3 induced the propagation of
both IFN-y- and IL-4-producing cells to a similar extent as from
WT mice (Fig. 2A). The IFN-y and IL-4 production were
confirmed by ELISA (Fig. 2B). It is also evident from Fig. 2 that
P25 TCR-Tg Tcells has a higher proportion of IFN-y-producing
cells and IFN-y production upon anti-CD3 stimulation com-
pared with T cells from WT mice. These results indicate that
naive CD4™ Tcells from P25 TCR-Tg mice can differentiate into
both Thi and Th2 upon TCR cross-linking.

Induction of naive CD4* T cells from F25 TCR-Tg mice to
Th1 differentiation upon Peptide-25 stimulation

To examine the differentiation of naive CD4* T cells fror P25
TCR-Tg mice upon in vitro Peptide-25 stimutation, naive CD4*
splenic T cells were purified from P25 TCR-Tg mice and
stimulated in vitrofor 6 days with Peptide-25 in the presence of
T and NK cell-depleted irradiated C57BL/6 splenocytes as
APC. The activated cells produced IL-2 and proliferated upon
Peptide-25 stimulation in a dose dependent manner in the
presence of APC, but they did not produce IL-2 in the absence
of Peptide-25 or in the presence of APC from strains of mice
other than C57BL/6 mice (data not shown),

In another set of cultures, we stimulated naive CD4* T cells
from P25 TCR-Tg mice in vitro with Peptide-25. After 6 days in

P25 TCR-Tg WT

IFN-y
B -
E £
-g 15 b 15 5
5 10 104
g
g 2.5+
g 54 5+
-t
=] <0, N
% 0- 0.1 0- l«gm 0 ln 1 0 .01
IFN-y IL-4 IFN-y IL-4

Fig. 2. Induction of Th1 and Th2 differentiation of naive CD4* T cells
from P25 TCR-Tg mice upon stimulation with anti-CD3. Naive CD4*
Teells from P25 TCR-Tg and WT mice were purified and cultured with
10 pg of anti-CD3 in the presence of T- and NK-cell depleted C57BL/6
splenic APC for 6 days. (A} After the culture, the cells were washed
extensively and re-stimulated with 10 pg/ml of anti-CD3 in the
presence of T- and NK-cell depleted C57BL/6 splenic APC for another
day. IFN-y- and IL-4-producing cells were assessed by intracellular
staining and FACS analysis. The percentages of IL-4- and IFN-y-
producing cells are presented in the upper left and the lower right
regions, respectively. (B) After the culture, the cells were washed
extensively and re-stimulated with (black bar) or without (hatched bar)
10 pg/ml of anti-CD3 in the presence of T- and NK-cell depleted
C57BL/6 splenic APC for ancther day. IFN-y and IL-4 in the cultured
supernatants were titrated by ELISA.
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culture, the proliferated cells were re-stimulated for another
day with immobilized anti-CD3. After culturing, [FN-y- and
IL-4-producing cells were analyzed by cytoplasmic staining,
followed by FACS analysis. The cultured supernatants were
subjected to ELISA for titration of cytokine levels, As a control,
we also cultured the cells with APL ¢or medium alone. Naive
CD4* T cells stimulated with Peptide-25 in the presence of
splenic APC became solely IFN-y-producing cells under
neutral conditions (Fig. 3A). IFN-y production was detected
on the first day of cuiture and increased for the rest of the
culture period at day 5 (data not shown). IL-4 secretiocn was not
detected even after 5 days of culture. Importantly, stirmulation
of the cells with APL, in place of Peptide-25, solely induced
IL-4-producing cells (Fig. 3B). When we cultured naive CD4*
T cells and splenic APC in the absence of Peptide-25 or APL.
in the primary culture, cells did not proliferate well (data not
shown). These results indicate that naive CD4* T cells from
P25 TCR-Tg mice can be activated leading to proliferation and
differentiate solely into Th1 cells upon stimulation with Peptide-
25 under neutral conditions.

Roles of IFN-y/STAT1 and IL-12 signaling in the Th1
differentiation of naive CD4* Tcells from F25 TCR-Tg mice

it is well known that in addition to the TCR signals IFN-y and IL-
12 play an important role in the Th1 development. To examine
whether IFN-y and IL-12 are required for Th1 development, we
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Fig. 3. Induction of Th1 and Th2 differentiation of naive CD4* Tcells
from P25 TCR-Tg rnice upon stimulation with Peptide-25 and APL,
respectively. Naive CD4* T cells from P25 TCR-Tg mice were
stimulated with 10 ug/ml of Peptide-25 or APL for & days. (A) On
day 6, the cells were washed and re-stimulated with 1 pg/well of
immobilized anti-CD3 for another day. IFN-y- and IL-4-producing
cells were assessed by intraceliular staining and FACS analysis, The
percentages of IL-4- and IFN-y-producing cells are presented in
the upper left and the lower right regions, respectively. {B) On day 6,
the cells were washed and re-stimulated with (black bar) or without
{hatched bar) 1 ugiwel of immobilized anti-CD3 for another day. IFN-y
and IL-4 in the cultured supernatants were titrated by ELISA.
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cultured naive CD4% T cells from P25 TCR-Tg mice with
Peptide-25 and splenic APC in the presence of anti-IFN-y,
anti-iL-12 or anti-IFN-y and anti-IL-12 for 6 days. Results
revealed that IFN-y-producing cells were predominantly
observed even when cultured in the presence of anti-IFN-y
and anti-IL-12 {Fig. 4). i was also evident that addition of anti-
IL-12 partialiy reduced the proportion of IFN-y-producing cells
without enhancing IL-4-producing cells, while the addition of
anti-IFN-y treatment slightly increased the frequencies of both
IFN-v- and IL-4-producing cells. These results imply that IFN-y
and IL-12 are not essential for Th1 develcpment of CD4* T
cells from P25 TCR-Tg mice in response to Peptide-25. To
evaluate further the role of IFN-v in the Th1 development, we
examined the differentiation fate of naive CD4* T cells from
STAT1 deficient P25 TCR-Tg mice upon Peptide-25 stimula-
tion. This result revealed that Peptide-25-stimulated naive
CBb4* Tcells from STAT1 deficient P25 TCR-Tg mice became
solely IFN-y-producing celts after 6 days of culture under
neutral conditions (Fig. 5).

Induction of IFN-y-producing cells upon stimulation of
nafve CD4* T cells from P25 TCR-Tg mice with
Peptide-25-loaded I-AP-CHO

To elucidate the mechanism that ensures Th1 differentiation
upon TCR stimulation with peptide/MHC, naive CD4* T celis
were stimulated in vitro with Peptide-25-loaded |-A°-CHO for
20 h and assayed for IFN-y and IL-4 production by ELISPOT
assay. IFN-y-producing cells were induced upon treatment
with Peptide-25-loaded [-AP-CHO stimulation in a dose-
dependent manner; however, IL-4-producing spots were not
detected. Neither IFN-y nor IL-4 spots were detected when
naive CD4* Tcells from P25 TCR-Tg mice were cuftured in vitro
without Peptide-25-loaded [-A®-CHO for 20 h. These results
indicate that activated CD4* T cells stimulated with Peptide-
25/1-A® produced IFN-y in primary culture within 24 h.

To evaluate the role of IFN-y and IL-12 in Th1 development,
naive CD4™ T cells from P25 TCR-Tg mice were stimulated for 6
days in vitrowith Peptide-25-loaded 1-A°-CHQ in the presence
of anti-IFN-y and anti-lL-12. At 24 h after the re-stimulation with
immobilized anti-CD3, the frequency of IFN-y producing cells
was 14.5% for the live CD4* Tcells (13% for the live TCRVB11*
T cells) (Fig. 8), indicating that naive CD4" T cells can
differentiate into Th1 by TCR activation with Peptide-25/I-A°
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stimulation even in the absence of IFN-y and IL-12. In separate
experiments, we confirmed IFN-y-producing cells when CD4*
naive T cells from RAG-27/~ P25 TCR-Tg mice were cultured
with Peptide-25-lcaded |-A®-CHO even inthe presence of anti-
IFN-y or anti-IL-12. Therefore, direct interaction between
Peptide-25/I-A° and TCR may determine the fate of naive
CD4™* T cells for differentiating into Th1 subsets.

Discussion

Peptide-25 is the major antigenic epitope for Ag85B of
M. tuberculosis, is immunogenic in C57BL/6 (I-AP) mice, and
preferentially induces VB11* Th1 gells. It remains unclear why
Peptide-25 can preferentially induce Th1 immune responses in
C57BL/6 mice. We approached this question by analyzing
naive CD4* T cells from transgenic mice, whose T cells
express functional TCR capable of recognizing Peptide-25
in the context with 1-A® molecules. In the present study we
generated TCR-Tg mice for the Thil-inducing peptide,
Peptide-25, to elucidate the role of TCR signals in the decision
of CD4* T cells to development into either a Th1 or Th2 cell,
Our data support the notion that TCR signals may play a role
in the determination of Th1 development under neutral con-
ditions in the absence of IFN-y or IL-12.

We determined usage of TCR a-chain in five different
Peptide-25-reactive VB11* Th1 clones. All Peptide-25-reactive
VB11* Th1 clones expressed Va5, while each clone showed
slightly different amino acid sequences in CDR3 regions of
both Va5 and V11 chains (Supplementary table 1). Although
each Th1 clone responds to Peptide-25 to a similar extent
with regard to proliferation and IFN-y production, it responds
differently to a mutant of Peptide-25 where an amino acid
required for TCR-binding had been substituted to alanine
{data not shown). However, this may be due to the
heterogeneity of the CDR3 regions of both VoS and VB11
chain. TG40 transfectants (TG40-BP1) expressing o and p
chains from the BP1 clone constructed functional TCRs that
recognize Peptide-25 in the context of I-A” on APC resulting in
[L-2 production even in the absence of CD4 expression (Fig.
1A). Enforced expression of CD4 in TG40-BP1 enhanced IL-2
production aleng with a low dose of Peptide-25 stimulation
(Fig. 1B), suggesting that the avidity of the TCR and Peptide-
25/1-A° complex is potent enough to trigger TG40-BP1
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Fig. 4. Effect of anti-IFN-y and anti-IL-12 on Th1 differentiation of naive CD4™ Tcells from P25 TCR-Tg mice upon stimulation with Peptide-25. Naive
CD4” Tcells inthe spleen of P25 TCR-Tg mice were stimulated with 10 pg/ml of Peptide-25 for 6 days. Anti-IFN-y (10 pg/mi}, anti-IL-12 (10 ug/mi) or
anti-IFN-y (10 pg/ml) plus anti-1L-12 (10 pg/ml) were added at the onset of culture, On day 6, the cells were washed and re-stimutated with 1 pg/fwell of
immobilized anti-CD3 for another day inthe absence of antibodies. IFN-y- and IL-4-producing cells were assessed by intracellular staining and FACS
analysis. The percentages of IL-4- and IFN-y-producing celis are presenied in the upper left and the lower right regions, respectively.
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Fig. 5. Induction of Th1 differentiation of naive CD4* T cells from
STAT1 deficient P25 TCR-Tg mice upen stimulation with Peptide-25.
Naive CD4* T cells in the spleen from STAT1 deficient P26 TCR-Tg
mice were stimulated with 10 pg/m! of Peptide-25 for 6 days. On day 8,
the cells were washed and re-stimulated with 1 pg/well of immobilized
anti-CD3 for 24 h, IFN-y- and IL-4-producing cells were assessed by
intraceliutar staining and FACS analysis. The percentages of IL-4- and
IFN-v-producing celis are presented in the upper left and the lower
right regions, respectively.
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Flg. 6. Induction of Th1 differentiation of naive CD4* T cells from P25
TCR-Tg mice upon stimulation with Peptide-25-loaded |-A%-CHO,
Naive CD4"* T cells from P25 TCR-Tg mice were stimulated for 6 days
in vitro with Peptide-25-loaded 1-AP-CHQ in the presence or absence
of anti-IFN-y and anti-IL-12. Six days after the culture, the proliferated
cells were harvested and re-stimulated with 1 pg/well of immobilized
anti-CD3 for 24 h and subjected to cytoplasmic staining for IFN-y and
IL-4. The percentages of IL-4- and IFN-y-producing cells are
presented in the upper left and the lower right regions, respectively.

transfectants. CD4 expression may facilitate the interaction
between TG40-BP1 and APC, resulting in augmented IL-2
production. Intriguingly, the APL could stimulate TG40-BP1/
CD4 IL-2 production to a much lesser extent even at higher
peptide concentrations (Fig. 1B). As APL fully preserves the
I-AP-binding amino acids of Peptide-25, the APL/I-A® complex
may have lower avidity for the TCR compared with Peptide-25.

Expression profiles of cell surface activation markers on
splenic T cells from P25 TCR-Tg mice were similar to these
from WT mice, and mRNA expression of neither T-bet nor [FN-y
was observed, suggesting that CD4* T cells in P25 TCR-Tg
mice are not pre-activated. Naive CD4* T cells from P25 TCR-
Tg mice could differentiate into IFN-y- and IL-4-producing
cells upon anti-CD3 stimulation (Fig. 2), indicating that they
keep their potential to differentiate into either Th1- or Tho-
lineage celis upon TCR ligation. Interestingly, naive CD4* T
cells differentiated solely to IFN-v-producing cells, but not to
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IL-4-producing cells upon Peptide-25 stimulation (Fig. 3). This
preferential Th1 differentiation induced by Peptide-25 stimu-
lation was also dependent on APC from C57BL/6 mice. As we
described, stimulation of naive CD4* T cells from P25 TCR-Tg
mice with Peptide-25 at 10 pg/ml (8.0 uM) preferentially
induces Th1 development. In contrast, when we stimulated the
T cells with Peptide-25 at 0.1 pg/mi (0.06 uM), we observed
a Th2-dominant response (data not shown). These observa-
tions are consistent with the published data (31) addressing
that IFN-y production is preferentially induced at 1.6-6.2 pM of
OVA peptide in the OVA TCR-Tg mouse model. These results
further support the notion that the Peptide-25 has an
intrinsically highly potential to induce Thi. Intriguingly,
stimulation with APL in place of Peptide-25 induced solely
IL-4-producing cells (Fig. 3). When we analyzed APC cell sur-
face marker expression after stimulation with either Peptide-25
or APL, we did not observe an activation-dependent alter-
ation of cell surface marker expression such as CD80, CD8S6, .
ar CD40 (data not shown). The differences between Peptide-
25 and APL regarding Th1 and Th2 differentiation may be dug
to differences in avidity between Peptide-25/1-A° and APL/I-AP
to TCR.

Ditferentiation of naive CD4* Th precursorsto Th1 and Th2is
affected by the manner and environment that they encounter
(2,32,33). The strength of interaction between the TCR and
MHC/peptide complex affects the lineage commitment of Th
cells (15,17,31,34). It is well known that Th1 cell development
involves IFN-y signaling through STAT1 and IL-12 signaling
through STAT4 activation (35,36). Peptide-25-induced Th1
differentiation of naive CD4* T cells from P25 TCR-Tg mice was
observed even in the presence of anti-IFN-v and anti-IL-12
(Fig. 4). We obtained similar results using T cells of STAT1
deficient P25 TCR-Tg mice (Fig. 5). This indicates that both
IFN-y/STAT1 and IL-12 signals are not essential for preferential
induction of P25 TCR-Tg naive CD4* Tcells to Th.

The activation and differentiation of naive CD4* T cells
appears to réquire at least three separate signals. The first
signal is delivered through the TCR/CD3 complex after its
interaction with MHC/peptide complex on APC. The second
signal is provided by a number of co-stimulatory or accessory
molecules on the APC that interact with their ligands on T cells
such as CD28/CD80/86, CTLA-4/CD80/86, LFA-1/ICAM-1,
OX40/0X40L or ICOS/B7h (37-43). The dose or antigen
concentration is also important in determining the Thi-
dominated immune response. Third, cytokines such as IFN-v,
IL-12 or IL-18 play a role in the expansion of the committed
Th1 cells (10,11,44-46). Stimulation of naive CD4* T cells from
P25 TCR-Tg mice with Peptide-25-loaded I-AP-CHO in primary
culture ltead to lower proliferation and ce!l recovery after
culturing compared to stimulation with Peptide-25-lcaded
splenic APC (data not shown). Interestingly, anti-CD3 stiru-
lation of the T cells, recovered from culture with Peptide-25-
loaded 1-AP-CHO, could induce Th1 development preferen-
tizlly as shown in. T cells stimulated with Peptide-25 and
splenic APC in primary culture (Fig. 6). As Chinese hamster
ovary cells do not express detectable levels of CD80, CDS8s,
ICAM-1, OX40L or B7h, we are in favor of the hypaothesis that
preferential induction of Th1 development in P25 TCR-Tg
naive CD4" T cells may be independent of these well-known
co-stimulating signals from APC.
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A complex network of gene transcription events is likely to
be involved in establishing an environment that promotes Th1
development. T-bet, a recently discovered member of T-box
transcription factor is expressed selectively in thymocytes and
Th1 cells, and controls the expression of the hallmark Th1
cytokine, IFN-y (47). T-bet expression correlates with IFN-~y
expression in Th1 and NK cells. Ectopic expression of T-bet
both transactivates the IFN-y gene and induces endogenous
IFN-y production (47). T-bet appears to initiate Thi lineage
development from naive Th cells both by activating Th1 gen-
etic programs and by repressing the opposing Th2 programs
(47). It has been reported that T-bet is regulated by IFN-y
signaling through STAT1 activation in the context of TCR
ligation (10,11) and induces chromatin remodeling of the ifr-y
locus (48). As naive CD4* Tcells are capable of differentiating
into IFN-y producing cells even in the presence of anti-IFN-v,
the interaction between Peptide-25/-A® and TCR may directly
induce T-bet that leads to Th1 differentiation. We are currently
investigating T-bet expression during Th1 differentiation in P25
TCR-Tg naive CD4* T cells in response to Peptide-25-loaded
I-A°-CHO.

There are several possibilities to account for the immunoge-
nicity and adjuvant activity of Peptide-25 for Th1 development.
First, Peptide-25 may activate DCs directly or indirectly through
Th cells to enhance expression of co-stimulatory molecules
leading to activate Th1 precursors by enhancing well-known
transcription factors such as T-bet or unidentified ‘master
cytokine' for Th1 development. Second, the avidity of Peptide-
25 to its specific TCR would be potent enough leading to Thi
development preferentially. Third, Peptide-25 might enhance
activation or selection of unidentified T cell subpopulations
that suppress GATA-3 leading to Th2 development.

In conclusion, we have presented data showing that naive
CD4” T cells from P25 TCR-Tg mice stimulated with Peptide-
25/I-AP that polarize to Th1 differentiation preferentialty in the
absence of IFN-y or IL-12. We propose the hypothesis that
direct interaction of the specific antigenic peptide/MHC class Ii
complex and TCR may primarily influence the determination of
natve CD4™ T cell fate in development towards the Th1 subset.
Therefore, P25 TCR-Tg mice may provide us with new insights
and help us understand how Th cell fate is determined.

Supplementary data

Supplementary data are available at International Immunoiogy
Oniline.
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APL altered peptide ligand of Peptide-25
[-AP-CHO Chinese hamster ovary celis expressing 1-A°

P25 TCR-Tg TCR-Tg line of mice expressing TCR-Va5-VA11
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TGA40-BP1 TG40 cells expressing TCR-af

TG40-BP1/CD4  TG40-BP1 cell line for expression of CD4
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Summary

The mucosal immune system consists of molecules, cells, and organized lymphoid structures intended to
provide immunity to pathogens that impinge upon mucosal surfaces. Mucosal infection by pathogens, such
as bacteria, virus, and protozoa, results in the induction of cell mediated immunity, as manifested by T
helper, as well as cytotoxic T lymphocytes. These responses are normally accompanied by the synthesis
of secretory immunoglobulin A antibodies, which provide an important first line of defense against invasion
of mucosal surfaces by these pathogens. A new generation of live, attenuated mucosal vaccines, such as
the cold-adapted, recombinant nasal influenza, can optimize this form of mucosal immune protection,
Despite these advances, emerging and re-emerging infectious diseases are tipping the balance in favor of

the parasite; continued mucosal vaccine development will be needed to effectively combat these new
threats.
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The role of allergic rhinitis in upper respiratory tract inflammatory diseases
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Summary

The number of patients with allergic rhinitis (AR} is increasing. Furthermore, patients with otitis
media with effusion (OME) and chronic sinusitis (CS) are frequently complicated with AR, These
findings suggest that AR has an impact on the pathogenesis of both OME and CS. The direct and
indirect influence of AR on OME and CS was investigated by clinical and experimental studies to
clarify the mechanism by which type I allergic reaction is associated with OME and CS. Clinical
findings of patients with OME or CS complicated with AR were analysed and compared with
those of nonallergic subjects. Samples such as sinus effusions and middle ear effusions (MEE)
were collected from the patients and infiltration of inflammatory cells and concentrations of
inflammatory cytokines determined. In addition, previous reports discussing the relationship
between AR and OME or CS are reviewed. Eosinophil infiltration and oedema were remarkable
in paranasal sinus mucosa of patients with CS complicated with AR, suggesting the presence of
type [ allergic reaction in sinus mucosa. However, there was little evidence of eosinophils in sinus
effusicns. Endotoxin was frequently detected in sinus effusions of patients with CS having AR as
well as suppurative CS. Hypoxia was also considered an important factor inducing sinus
pathology. Eosinophils and IgE antibodies in MEE were not increased in OME patients with
AR. Anti-allergic medicine was effective in OME patients complicated with AR and improvement
of nasal symptoms significantly correlated with that of ear symptoms. AR might be directly and
indirectly associated with the pathogenesis of OME and CS.

Keywords allergic rhinitis, chronic sinusitis, eosinophil, eustachian tube, hypoxia, IgE, otitis

media with effusion, vascular endothelial factor

Introduction

Otitis media with effusion (OME), chronic paranasal
sinusitis (CS) and allergic rhinitis (AR) are the most com-
mon upper respiratory tract diseases in children [1].
Furthermore, AR has been implicated as a major causative
factor of OME and CS due to the increased number of
patients with AR complicated by OME and CS [2).
However, the precise role of AR in the pathogenesis of
OME and CS is controversial.

Senturia et al. [3] reported that there is no direct scien-
tific evidence to support the contention that middle ear
effusion (MEE) is due to allergic reaction. Recent studies
also demonstrated that IgE-mediated allergic reaction is
not an aetiological factor but rather a persisting factor of
OME due to disturbance of the clearance of MEE by the
eustachian tube [4-6]. On the other hand, the presence of
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type I allergic reaction has been reported [7, 8] and anti-
allergic drugs have proved efficacious in the successful
treatment of OME in allergy-free patients [9].

Patients with AR frequently show a pathological shadow
in X-ray examination of the sinuses despite a lack of infec-
tious symptoms in nostrils such as purulent rhinorrhoea
[10, 11]. Such patients are usually diagnosed as having
allergic sinusitis (AS), although the definition and the
pathogenesis of this disease have not been defined clearly
f12, 13].

In the present study, we discuss the role of AR in the
pathogenesis of OME and CS based on the results of our
experiments and present a review of the literature on these
issues.

Relation between AR and CS

Radiological opacity is frequently found in paranasal
sinuses of patients with AR. A retrospective study of AR
patients in our clinic showed that 67% of those aged
< 16 years and 44% aged > 16 years had some radiological
opacity in maxillary sinuses [10]. Although the mechanism
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inducing sinus pathology in patients with AS is not fully
understood, type I allergic response, infection and natural
ostium blockade are considered the chief factors associated
with the pathogenesis of this entity [14].

Type | allergic reaction in paranasal sinuses

Because remarkable eosinophilic accumulation can be
observed in paranasal sinus mucosa as well as in nasal
mucosa, the influence of type I allergic inflammation
might be considered to be associated with the mucosal
pathology of CS. Ogata et al. [15] investigated the histolo-
gical differences in maxillary sinus mucosa between non-
infectious CS complicated with AR and suppurative CS
without AR and found that the numbers of goblet cells
and eosinophils were significantly increased in the former
condition. Basal membrane hyperplasia and oedema of
lamina propria were also remarkable in noninfectious CS
complicated with AR in comparison with suppurative CS
without AR. Furthermore, the same histological findings
were induced in the maxillary sinus mucosa of patients
with AR caused by house dust by stimulating the mucosa
with that antigen during sinus surgery [15]. These findings
indicate that paranasal sinus is one of the target organs for
type I allergic reaction and that type I allergic inflamma-
tion in paranasal sinuses might be associated with sinus
pathology of patients with CS complicated with AR.
However, the ostium connecting the nostril and paranasal
sinus is too small for antigens such as mites and pollen to
enter into the sinuses [16]. Moreover, autoradiographic
study showed that sinus pathology does not change during
the pollen allergy season, indicating that the sinus pathol-
ogy was not associated with direct antigenic stimulation of
sinus mucosa {13].

infection in paranasal sinuses

Because neutrophils are frequently contaminated in nasal
and sinus secretions obtained from patients with AS or
suppurative CS, microbial infection seems to be involved
in the pathogenesis of AS [17]. To investigate the charac-
teristics of inflammatory cells infiltrating into paranasal
sinuses of patients with AS, sinus secretions of child
patients with AS complicated with OME were collected
by aspiration during middle ear ventilation tube insertion
under general anaesthesia and the cellular components
examined. In all samples neutrophils but not eosinophils
were observed (Table 1). In contrast, eosinophils were pre-
dominant in nasal secretions of patients with AR. Shirasaki
et al. [18] developed an animal model of AR by sensitizing
guinea pig with ovalbumin (OVA) and compared the
inflammatory cells infiltrating into nasal and sinus mucosa.
They found that mononuclear cells were predominant in
the smears of sinus effusion from sensitized animals,
although marked eosinophil infiltration and increased
numbers of goblet cells were observed in nasal mucosa.

Table 1. Cell infiltration in maxillary sinus effusions obtained from child
patients with allergic sinusitis

Caseno.  Age (years)  Antigen Eosinophils  Neutrophils
1 14 House dust — +++

2 5 House dust — 44

3 ] House dust — +

4 6 House dust — +

Endotoxin 15 a cell wall component of Gram-negative
bacteria and its presence in sinus secretion is considered
indicative of infection of such bacteria into paranasal
sinuses. In a preliminary study, we measured the concen-
tration of endotoxin in sinus effusions and found that
endotoxin was frequently detectable in sinus secretions of
patients with CS. However, there was no significant
difference in the concentrations of endotoxin in sinus
secretion between AS and suppurative CS patients (Fig. 1).
Moreover, when cultured human nasal fibroblasts iscolated
from nasal polyps were stimulated with endotoxin purified
from nontypeable Haemophilus influenzae, the production of
IL-8 and RANTES was remarkably enhanced (Fig.2). As
these cytokines act as chemokines specific for neutrophils
and eosinophils, endotoxin present in sinus secretion of
patients with AS may induce infiltration of not only
neutrophils but also eosinophils inte sinus mucosa.

Collectively, the above findings suggest that bacterial
infection might be associated with the onset of sinus
pathology in patients with AS as well as in those with
suppurative CS.

Blockade of natural sinus ostium

If type I allergic reaction is related directly or indirectly to
sinus pathology, the severity of AR might be correlated
with the intensity of sinus opacity on X-ray examination.
Pelikan et al. [19] investigated the role of AR in CS without
an air-fluid level by nasal provocation tests with various
inhalant allergens. Maxillary sinus radiographs performed

T

10

Total protein (ng/mg)

AS SCS

Fig. 1. Concentration of endotoxin in sinus effusion obtained from
patients with allergic sinusitis (AS) and suppurative chronic sinusitis
(SCS). Reprinted with kind permission from Kurono [37].

© 2004 Blackwell Publishing Ltd, Clinical and Experimental Allergy Reviews, 4:15-20



