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humane weight-loss limit more rapidly (80% of original mass,
which required that mice be killed), in some cases as many as
2 weeks earlier than controls {Fig. 1 and data notshown). Indeed,
by 6 weeks afier transfer, the 80% mass-loss target had been reached
by over 40% of Rag I recipients of II7a™" CD43RB cells (Fig. 1a,b
and data not shown). Disease’ incidence was: 94.3% and :92.1% for
recipients of ‘wild:type cells-and 7477 cells, respectively.” Thus,
CD43RBY cells unable’ to - produce: H.-17A induced an - aggressive
wasting disease i vivo, which demonstrates’ IL-17A:is niot- critical in
the initiation of T cell-induced colitis- in- this model. Moreover, it
seems that ifi this model system, TE- 17 A delayed the kinetics of disease
onset; which emphasizes o previowsly unappreciated protective func-
tion for IL-17A in intestinal inflammation. Netably, the cotransfer of
1L<17A-deficient regulatory T cells completely inhibited colitis in this
model (Supplementary Fig: 1 online},: which suggesis that although
IL-17A may be protective; regulatory T cell=miediated suppression is
1L-17A independent.

More Ty1-assaciated inflammation in recipients of #1747 Tcells
To gain insight into the mechanisms driving the accelerated colitis in
the absence of IL-17A, we examined recipients of J1Za7 CD43RBM
T cells at: 2 weeks and 4 weeks after adopiive tranisfer. Overall body
mass was' maintained or: slightly higher in the first 2 weeks after
transfer i all groups (Fig. 1b and data not shown}. However; gredter
orgin thickness, celiular  infiltration. and

edema and disrupted tissue - architecture
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mediated by HiZa? CDASRBM T cells was probably not due to
differences in cellular infiltration of the colon {Fig. e} but may
instead have been due to relative changes in effector T cell function.
Next we assessed the expression of Tyl cell-associated cytokines
traditionally associated with T cell-mediated IBD. Quantitative RT-
PCR showed that the expression of mRNA transeripts encoding Ty )-
associated factors was higher in colon tissue from recipients of J17a
cells than in that of recipients of wild-type cells (Fig. 1£}. Notably, lfig
expression was threefold higher in recipients of 170" T-cells. Tnf
expression was not similarly higher (Fig: 1f). I addition, expression
of $ppr mRNA, which encades osteopontin; a cytokine that amplifies
Tyl-type  responses-through the - induction -of - 1L:12 and other
mechanisms™¥, weas nincfold: higher in: recipients of JIf7a7 cells
(Fig. 1} fi6 expression trended upward in the group of recipients of
B17a7 cells; but this result: wias notstatistically significant. We found
no difference in Trf expression. in redpients of HIZa™ cells or wild-
type cells: {Fig. 1£}. We detected these: differences in cytoking mRNA
expression at 28 d after cell transfer but not at 14 d after celf transfer or
in simples ebtained at the disease endpoint {typically 8-10 weeks),
when epithelial damage and cellular infiltration was extensive {data
not shown).  Additionally, expression of 72 and 117 mRNA was
nearly undetectable in recipient colon tissue obtained at 28 days after
transfer {Supplementary Fig. 3 online); which suggests that' neither
IL=17A not H-17F conteibutes much to the discase in this: model.
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Figure 3 18-17 suppresses the induction of Tbet
in matorng Tyl celis (a) Real-time PCR analyshs
of Thx21 in Ty0 effeclor celis or in Tul effector
cetls polarized in vitre in the prasence [+ {L-17)
or absence of 2 ngimt or. 20 ng/mi {in
parenthesas) of recombinant mipuse 11-17 afler
48 h o 96 I of culture, notmatized to Hprel
expression and presented as ‘fold increase” reative
to that of To0 cedfs. (b Immwnoblet analysis of
Thet in the 96-hour cultures i a, Actity; loading
contred: Data are representative of three or niore
independent experiments (@ bi {c) Profiferation of
cells in Tyl effector cultures at day 4, differen
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1L-17, assessed by incorporation of {*Hithymidine.
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Colon tissue from recipients of JIF7a T cells had higher expression
of 1122 'mRNA at day 28 than did that of recipients of wild-type cells;
however, studies with wansfers: of IZa? 1227 CIM5RBI cells
showed that increased T cell-derived TL-22 was not responsible for
the acceletated wasting disease noted in the-absence of T cell-derived
1L-17 (Supplententary Fig: 4 online). These results demonstrate: that
coborts that received 1117a~" CB4SRBY T cells, which developed an
accelerated wasting disease, had higher expression: of Tyl-associated
cytokines in inflanied colon tissue. Larger amounts of Tyl-associated
cytokines may have fesulted in the observed lower overall body mass,
These data therefore supgest that the accelerated colitis'in redpients of
T7a75T cells ninay have been due at least in pant to the acceleration of
a Ty 1 differentiation: program i vive,

[£<17A signaling in T cells suppresses Tl differentiation

On the basis of our i vive observations; we hypothesized that T cells
tnay be ditectly responsive to IL-17 A, The IL-17 receptor (1L~ 17R} was
nearly undetectable: on naive €47 T cells (Fig 28} In contrast,
1L:17R was upregulated at late stages diiring the Tyl differentiation
program, with moderate amounts of cell surface 1L-17R detectabie by
day 4 {Fig. Za). We confirtned our flow cytometry results by
immunoprecipitation and immunoblot analysis, which showed that
total celiular: 1L+ 17R protein: quantities were low in naive T cells
{Fig. 2b) but were modestly induced during Ty1 development i vitro
(Fig: 2bY. The 1L 17R can be visualized a5 2 protein of approximately
120 kilodaltons, a value much larger than the predicted molecular
weight based on aming acid analysis (98 kilodalions}. In silico analysis
of the protein sequence of IL-17R showed that extensive N-glycosyla-
tion was. predicted with high probability. {five asparagine residues
predicied by the NetNGiye 1.0 Server (Technical University  of
Dessmark; - seven ' predicted sites reported: in’ the - UniProtKB/
Swiss-Prot entry). To determine if glycosylation accounted for the
shift in molecular weight, we deglycosylated the immunoprecipitated
1L-17R with peptide N-glycosidase F and found that after treatment,
the ‘doublet migrating - at approximately 120 kilodaltons: reésolved
toa single’ band  visudized by immunoblot at - the - predicted
98 kiladaltons (Fig. 2bj).
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We next sought to: determine: whether purified [L: 17 could exert
appreciable effects on the development of wild-type Ty 1 cells i vitro:
We cultured: sorted  naive 'CDM5RBM CD4% T cells for 4 d in
Ty l-polarizing conditions: in the presence or absence of recombinant
117, Treatment with 1117 resulted in much Jower expression of the
Tul-associated mRNA' transcripts’ Ifing, Sppl- and H12rb2 (Fig. 2¢),
which: showed: that: recombinant’ IL:17 exerted broadly: suppressive
effects: on the Tyl developmental program. Transcripts: encoding
$0(85, 1 known inhibitor of 1L+17 production®; were ‘also lower in
abundance after treatment with recambinant [L-17, wt s IL-17 had
o effect on SOCST mRNA (Fig. 2¢). 1117 also ' led to.a 78% lower
abundance of phosphorvlated STATY (Fig. 2d). The addition of
neutralizing antibody to 1L-17 completely reversed the HL-17-mediated
suppression of - phosphorvlated STATS1 (Fig. 2d). Expression of
T-bet, o’ transcription” factor essential for Tyl differentiation, was
also: much Tower in [L-17-containing cultures (Fig. 2d). As with
STAT 1, thie effect on T-bet was reversed by 1L-17-neutralizing antibody
(Fig: 2d). Recombinant IL-17 did not substantially affect the expres-
sioi - of - genes” encading 119, granulocyte-macrophage . colony:
stimulating factor; the chemokine: CCL3, 1L:1f or the chemokine
CXCLY in developing Tyl cells or induce the expression of Tyl7-
specific genes in' developing Ty 17 cells (Suppl tary Figs.5and 6
online and data not shownl.

To determine if 1E-17 affected expression of Thx2L, which encades
T-bet, we again cultured sorted naive CD45RBY CD47 T cells in Tyl
polarizing conditions in'the presence or absence of récombinant IL-17.
Recombinant 1L-17 potently inhibited Thx21 expression: as early as
48 h after stimulation (Fig: 3a). By day 4 of #rr vitro: polarization,
Tha2 @ expresson in 117 containing Tyl cultires was less than 10%
of that in cultures without recombinant 1117 (Fig. 3a). Lower Thx2!
expression preceded the diminished T-bet protein; we first noted the
fatter after 4 d of culture {Fig: 3b). The diminished T-bet was not due
to fower rates of cellular proliferation, as assessed by incorporation of
PH]thymidine (Fig. 3c). Notably, the addition of 11-17 to wild-type
Tyl cultores on - day 4 did not lower  the already: robust T-bet
expression  (data not - shown): Therefore, whereas 1L-17 does not
seem ' to extingnish T-bet expression in matare Tl cells; our studies
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suggest 1L-17 can inhibit the upregulation of T-bet that normally
occurs duting early stages of the Tyl differentiation program.
Consistent with involwment of IL-17A in repressing Tyl develop-
ment, purified H17¢7 CH45RBY CD4® T ¢ells Cultired in standard
Tyl-type conditions had higher expression of  The2l{Fig. 3d%
After: restimulation, 17 Tyt colls alse secreted 'more [FN-y
protein: {Fig. - 3¢l However, the - presence corabsence “of TE-17A
did ‘not substantially: affect cellular proliferation {Fig. 3} These
data; which show ‘that 1L 17 antagonizes: the. Tyl differentiation
program: in vitre, farther: support out in vive: data- demonstrating
a'more rapid Tyl -associated  disease course in: the absenie of 1L17:

-2 7R-deficient T cells elicit an aggressive wasting disease

O the basis of our findings demonstrating that T cells can respond to
IL-17; we hypothesized  that the  accelerated -inflamimation - noted
ire:vivo: may- have Been due to T cell-intrinsic [E-17 acting in'an
autoerine way To test our hypothesis; we did additional ‘colitis
experiments with [L-17R-deficient donor T cells. Like [H7a"5 cells,
the BIZrafs CD4ERBY CD45 T cells also elicited anacedlerated
wasting disease’ in Ragl'" recipienis (Fig, 4 Accelerated weight
loss was first evident at day 35, and at days 42 and 49, differences in
body mass were even more apparent {Fig. 4a, Table 1 and Supple-
mentary Fig. 7 online). Fistologically, scores for all ériteria were the
same for recipicnts of JIJ Ta7 or Wizra ™ cells; with a consistent toss
of crypts: in' the rancosa and inflammatory infiltrates both in the
mucosa and submuicasa readily ohservable by day 28 {Fig. 4bie) These
data’ collectiwely demonstrate that' in this experimental systemy, the
transferred CO4T CDY4SREM T cells were both the source and the
yelevant target 6 IL-17 in vive:

Table 1 Accelerated disease course in Ragl™ recipients of I 7r"~
Teelis

Day 35 Day 42 Day 49 Day 60 1 Day72

Recipents of W T celis 69 ] Ge 34 &9
Recipients of #17m " Toells 3/8 48 58 58 58

Disease incidence {mass’ose) i recipienis sEwildtype or #2 7rr® TEalls a1 e fims
ponts; presénted a8 mice with disdase/oial mive. iy group: Data are from ore
periment ative: of o indeperds: penimeds wath similar results
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Figure 4 111 737~ CO45RBY donor T cells sticit an accelerated wasting
disease in fagl recipients. {a) Composite wesght-iess cunves of recipients
of adopiive yansler of wild-type or 11 7ra™ CDABRBM CD4* T cells (number
of mice with weight Joss, Table 1), P < 0.01, time; P < C.01, expenmentat
group; P < 0.01, time-group interaction (repeated-measares ANOVAL

* P« 005, %Y, P g 0.01. days 35-60 after transter of cells {post-hoe
tresty means at day 35: recipienls of wild-type Toelis (n == 8), 108.§;
rectrents of M1 7™ T cells (a = 83, 99.59. Data are representative

of twir independent experiments with similar results (error bars, 4.},

(b} Hematoxylin and eosin-stainad sections of Razl~~ recipient cofons
ohtained at day 28 afler adoplive transfor /178 or NI 7ra®™ T cells.
Scalebars; 500 pm. Results dre representative of Dy Bxperiments.

{c} Histologica! quantibication of edema and infflammation in colons from
RagI< recipient mice, obtained at day 28 affer aduptive transfer of 1/17a7-
or H1 7t T cells, presented as ‘severity scores’; There were no stalistically
significant differences among the greups for any criterial Data ane
representative of bwe expenments (erer birs, siemnl.

DISCUSSION

Higher 11L-17 expression in the gut during intestinal’ inflamimation,
found in motse models and 'in humandisease; led us 16" begin
investigating how IL-17 contributes, if ar all, to the initation and
pathogenesis of IBD. Our results have shown that in the CDASRBM
teansfer model of colitis, an accelerated wasting disease resulted when
adoptively transferred T cells wer¢ unable to produce I1-17 or failed to
express IL-17R. Although the function of HA17 in'the initiaton ‘and
pathogenesis of IBD has been conwoversial, our findings denvonstrate
a protective function for IL-17 in this experimental systemn. Notably,
our results are in agreement with a repott suggesting 6 17 could setve
aprotective: function iy the gug, albeit in'a T cell-independent model
of wasting disease” ! Thase findings were subsequently supported by
studies done elsewhere®.

Several: studies s have: identified- 1123, one  of i the inost. potent
inducers of H-17; as being critical for IBD: in mioutse models assessing
intestinal inflammation: in. the. absence of 1L:10 orin ‘response to
helicobacter ifection’®% Intstivators have explored ‘the relative
importance. of the. contributions 'of 1L-23:and 1L-12 i intestinal
inflammation with' genctically deficlent: T ¢cells in adoptive-transfer
studies and’ micasuring tissue infiltration and inflammation by assign-
ing scores for histalogicat ¢riteras 23 is inarguably extical for tissue
inflammiation in those models and furthermore, alihough the resulis
are. not: statistically: significint, daily administration’ of antibody 't
1L-17 fanti-1L-17) during: the. discase: course daes: seens’ o provide
some: beneit, diminishing intestinal inflammation’ scores’® These
resulis are not unexpected; given that the prointflammatary properties
of t=17 and of 1L-17-produding celis dare well established: Indeed; it
remains possible that 11 23-mediated 1117 contributes, perhaps in a
nonessentiul way, to-the recruitiment of cells of the fmmurie systent to
the inflamed colon during intestinal inflamamation: It is important to
note that i our studies, the extent of cellular infiltration did not
correlate with the wasting aspect of the disease: Int redpicnts of wild-
type Tcells, Mot T celisor Mizra ™ T ls, we rioted exiénsive
celtular: infiliration, organ thickness, loss: of crypts, loss: of glands
and edemia; - the greatest ‘differences we noted  were 'differences 'in
recipient ‘mouse” weight loss during the ensuing wasting disease,
after accumulation of cellular infilirate in the recipient colon tissue,
We conclude from our observations that infiltration of ¢ells of the
immune system is probably only one of several important comporients
that direct ‘the pathogenesis seen in this wasting disease and that
perhaps there might. be considerable differences in the functional
abilities of the infiltrating cells. Our results showing higher expression
of genes encoding Ty l-type cytokines in colon tissue of recipients
of TZa? 1 cells suggest this may be the case At day 28 after
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adoptive transfer, we detected clevated expression of the genes
encoding IFN -7 and esteopontin in the inflamed colons of recipients
of M7a* T cells, concomitant with notable epithelial cell death
and, in some cases, exposure of entire regions of the lamina propria
to the gut Jumen, as noted histologically.

One possibility is that IL-23-induced 1L-17 is one of many factors
that does contribute, in certain circumstances (such as in the absence
of 1110}, to intestinal inflammation, whereas other 1L-23-induced
factors are responsible for tissue damage, in an IL-17-independent
yway. The idea that [L-23 uges ‘downstream’ effectors other than 11-17
in mediating inflammatory. everits is consistent with our findings and
with “published. results- of - intestimal inflammation studies'>*®. In
addition, 11-23 has been shown to specifically use H.-22' to mediate
dermal acanthosis®. Notably, in: our studies, 122 mRNA was sub-
stantially upregulated in colon tissue in recipients of Il 7T cells,
We tested the hypothesis that [1-22 might mediate the exacerbated
wasting discase observed in recipients of Hi7a™ T eells by using
T cells deficient in both IL-17 and IL-22 in additional transfer
experiments and found [L-22 was in fact not responsible for the
accelerated 1BD.

‘The predse underlying mechanisms driving the wasting disease in
this model, in general, remain unidentified so far. As IL-17R is
expressed nearly ubiquitousty™, it remains possible that IL-17 may
influence nearly every cell type present in the gut microenvironment.
indeed, {L-17 may positively affect epithelial eell survival or otherwise
aid in maintaining the integrity of the epithelial barrier; however, our
data suggest that IL-17 may exert its suppressive effect in this model at
least in part by suppressing Tyl differentiation. Our results suggest
that this is probably mediated through the suppression of the induc-
tion of T-bet, the ‘master regulator’ of Tyl differentiation. It i
important o nofe that' the IL-17-mediated suppression of T-bet
expression in our studies was not absolute and was eventually aver-
came by the Tyl differentiation prograin.: As Tyyl-associated cyto-
kines, including TEN-y, potently inhibit 1L-17 expression®®, it is
plausible that, physiologically, 1L-17 must repress: early Tyl differ-
entiation to fulfill its critical function in promoting the recruitment of
neutrophils' 16 sites” of inflamimation. Of course, during late-stage
chironic disease, persistent’ [L-17 expression muay also participate in
ongoing tissue. damage through the: recruitment of neutrophils or
through other mechanisms. Indeed, we found that IL-17 induced the
expression of certainy’ farget genes, including the gene encoding the
chemokine réceptor CCRS, in mature Ty effector cells invitro (WO,
unpublished ebservations}).

fn the studies presented here, we have demonstrated: the following:
11717 was not required for cellular infiltration and inflammation of
colon: tissué in this expertmental system; the transferred T cells were
responsive to) 117 in vivo, as shown by the wasting discase’ that
resulted from thie absence of IL-17R in T cells; despite similar cellular
infiltration in the recipient colon tissues at the onset ofweight loss, the
severify of wasting disease was regulated by TL-17; and the abseiice of
178 or JE-17R in T cells Jed to an accelerated and severe wasting
disease accompanied by higher expression of genes encoding Ty i-type
cviokines. The proinflammatory nature of 117, in'the context of the
environment-specific: anti-inflammatory . effects of 1L-17 " we have
reported, raises several: questions, Is. 1L<17 {or are IL-17-producing
cells} by defaudt proinflammatory and simply held "at bay” in: the gut
microenvironment by 1510 and/or ather immunoregulatory: factors?
Alternatively; perhaps a signaling: mechanistn. exists; a biological
‘switeh® of sorts that’ cantrols: many factors' in the: 1L-17-producing
cells: themnselves or in the stromal compartment in mediating the
‘pathogenicity” of 1L-17-producing cells.
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Our data, although paradoxically at odds with some of the literature
describing  proinflammatory functions. for 1-17, are consistent
with the idea of a pleiotropic, environment-specific protective
function for IL-17 in the gut. Intrdepithelial v8 T cells protect
the intestinal muvosa during chemically induced epithelial damage
and aid in maintaining intestinal homeostasis by inhibiting
exacerbated inflammatory responses to both foreign antigens and
autoantigens®. Notably, at steady stote, y8 T cells are the main
IL-17-producing lymphocyte subset. in mice®. Additional studies
are needed to determine if in the: absence of observable: immuno-
pathology, IL-17 “expression indeed aids i muintaining intes-
tinal homeostasis,

METHODS
Methods and any assaciated references are available in the online
version of the paper at http/Avwwanature connatureimmunology/.

Note Supplementary information 1s available on the Nature hnmurology websire.
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Natural Occurring IL-17 Producing T Cells Regulate the
Initial Phase of Neutrophil Mediated Airway Responses'

. v O . €r * % 1% o - % . ]
Shinya Tanaka,* Takayuki Yoeshimoto,” Tetsuji Naka,” Susumu Nakae,” Yo-ichi Iwakura®
« .,
Daniel Cua.¥ and Masato Kubo®*

Effector Th17 cells are a major source of 1L-17, a critical inflammatory cytokine in autoimmune discases and in host defenses
during bacterial infectious, Recently, splenic lymphoid tissue inducer-like cells have heen reported to be a source of T cell
independent [L-17, In this study, we report that the inmune systen contaiits a unique set of natural occurring IL-17 producing
cell; “natural” Th17 {(hTh17), which are & memory-like T celf subset. Fhe nTh17 cells can develop in the absence of the IL-6/STAT3
signaling axis required by inducible ThI7 cells: The n'Thi7 cell population is distinct from conventional inducible Thi7 cells; since
nTH17 cells express snbstantial amounts of IL-17A ¢(1L-17), but not H.-17F, under the contral of the master regulator. RORyt. The
wIhi7 cells simultancously produce IFN-y, DOILI0 transgenic mice with a Rag™" background {DOT1.16 Rag"’“} fack n'thi7
cells; and, following intranasal sdministration of OVA; IL:17-dependent neutrophil infiltration occurs in DOTLI0 transgenic mice.
bt not in DOTL10 Rag™' mice. The impaired neutrophil-dependent airway response is restored by adnptive transfer of nThi7
cells inte DO1L.10 Rag~'~ niice. These results demonstrate that & novel T cell subsef. nThi7, facilitates the carly phase of
Ag-induced airway responses and host defenses against pathogen nvasion hefore the establishment of acquired immunity.  The

Journal of Immunology, 2009, 183: 7323-7530.

eginning with their initial characterization more than 20

vedrs ago, two major subsets of helper T cells, Thi and

Th2; have been defined based on their ¢ytoKine profiles
and immune regulatory functions. Thi cells secrete TL-2, IEN-y,
and TNF-a during cell-mediated immune responses against intra-
cellular pathagens and: viruses, whereas Th2 cells: produce I,
125, 106, TE-10, and IL-13; and mediate humoral immunity and
allergic responses. Recently, a new subsct of helper T cells. Th17;
which produces 1174, TL-17F 1110, TE-21 and 1L-22, but not
the cytokines produced by Thi or Th2 cells; has been identified.
Thi7 cells appear to be responsible for the repulation of adaptive
immunity ‘against Dectin-mediated fungal infections.  such as
Preuniocystis carinif {1-3); and several TLRs regulates the devel-
opment of Thi7 cells {4y, H-17 is also known to be @ ¢ritical
¢vtokine for regulating inflammatory responses, and its expression
is tightly assoclated with pathogenesis' in avtoimmune disorders,
such as multiple sclerosis and collagen-induced arthritis (5. 6}
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[1.-23 was originally identified based on its ability to exacerbate
experimeéntal antoimmune encephalitis (EAEJ (7) and later was
shown to maintain pathogenic IL-17 producing €D47 T cells ().
1L-23 is thought to control the development of IL-17 producing
CD4* T cells from naive CD47. T cells (8. 9). However. recent
studies have suggested that 1L-6 and/or IL-21 in conjunction with
TGP-B are sufficient to control de novo Thi7 development (10~
12). This model is supported by the finding that Thi7 development
is ‘atienurated in’ Staf3-deficient mice (10}, since both 1L-6 and
IL-21 activate & STAT3-mediated signaling pathway. Retinoic
acid related orphan receptor (ROR )yt has been identified as the
master regulator controlling the lineage commitment of Th17 cells
¢11). Recently, another ROR family member. RORa. has been
reported to be essential for the regulation of Thi7 development in
conjunction with RORy (12). Expression of Ror family genes is
strongly induced by the combination. of STAT3 and TGF-B sig-
naling (F1; 13, 14)0 In contrast, the IFN-vIRFI/STAT Hcbet, TL-
2FSTATIA IL-4/STATO, and IL-2/STATS pathways are potent
negative regulntors of 1L-17 production and Thi7 development
{15=18). Recently, splenic Iymphoid tissue inducer-like celis have
been reported fo produce 1L-17 independently of Thi7 cells (103,
TLRs are imporiant mediators of Thi7 development. An immuni-
zation protocol using zymosan, which is recognized by TLRZ,
preferentiatly induces Thi7 cells (20). TER4-mediated LPS stim-
ulation also enhances Th17 development by induction of 1L-23
expression in dendritic cells {21} In contrast, polyinosinic-poly-
cytidylic acid recognized by TLR3 may induce dendritic cells to
produce 11.-27, leading to negative regulation of Th17 develop-
ment (223,

* Abbreviations used in ik paper EAR, experimental avioimmung encephatitis: MP,
memory, phenotypes Treg, replatory T oell; COPD, chionic obstructive pulthonary
disease; FOR. retinpic acid refated orphan recepion n'ThiT natural acceming 117
prodducing cell; RALE, bronchoalveolar Havape Hufd: §ThI7, feducible THIZ, WT,
witd types SP, dngle positive; DO, DG D trinsgenic mive.

Copyright © 2007 by The Atrrican Assaciation of Imssuncimeists. Inc. (023176709582 00
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[L-17 (IL-17A} is the prototypical member of the [L-17 family,
which consists of six related proteins, [IL-17A-F. Among family
members, IL-17F has the highest homeology with IL-17A. Thi7
cells are the major source of IL-17A and F. although neutrophils,
cosinophils, and CD4SRO™ CDS8™ T cells express 1L-17A to a
lesser extent. IL-17F ix expressed by Thi7 cells, basophils, and
cord blood mast cells. as well as by liver. lung, and ovary cells.
HL-17A has pleiotropic activities, including the induction of proin-
flammatory cyiokines and chemokines such as TNF-a. IL-le,
IL-6, IL-R, and MCP-1, which control neutrophil attraction and the
development of inflammatory autoimmune diseases (23), How-
ever, the factors regulating production of IL-17. which: induces
neéutrophil accumulation ecarly in’an immune response; are poorly
understood.

CD4™ T cells can be categorized as naive or effector/memory
celis Based on the expression of CD44 (243, The CD44™%" popu-
lation contains NKT, memory phenotype (MP) CD4™ T cells. and
regulatory T cells (Treg). We recently established a transgenic i
promoter GFP reporter system and demonstrated that conserved
noncoding sequence-2 in the /M locus regulates initial [L-4 ex-
pression by MP cells, and that the MP cell is a naturally occurring
memory-like subset that differentiates in the thymus without Ag
prepriming (25} Bevause the GFP? MP CD4" cells coexpress
H.-4 and IFN-y, the Tg reporter systens. alfowed us to distinguish
the MP CD47 subset from the effector-derived meémory T cel
subset. 1L-17 was originally. characterized as a proinflammatory
cytokine, and robust FL-17 production is defected in CD47 Teells
with the effector/memory phenotype {26). Hovwever, it is unclear
whether the 1L-17 praducing memory CD4” T cells belong to the
effector-derived memory T cell or the naturally occurring MP
CD47 subset.

Little is known about the possible role of IL.-17-producing
CD4* T cells in asthma or chronic obstructive pulmonary disease
(COPD}, but a high concentration of 1L-17 has been found in the
sputum of asthma patients (27). COPD is an obstructive airway
disease that involves chronic neutrophilic inflammation of ‘the
respiratory tract with airway narrowing caused by fibrosis: (28),
Biopsies of bronchial airways frony patieats with COPD contain an
infiltration of T cells and neutrophils that produce matrix metal-
foproteinases snd elastolytic enzymes, such as neutrophil elastase,
that induce airway mucin production. (20--31). Neutraphil accu-
mulation in the sputum has been correlated with disease severity
{323, In a mouse model, intranasal Ag ueatment induced 1L:17-
dependent neutrophilia and ateway pulmonary inflammation (331
Therefore, IL-17 Is & critical cytokine for regulating the neutro-
philia associated with asthma and COPD.

In the present study, we demonstraie that a peripheral unprimed
population 'of CD4* T cells contains natural occurring IL-17 pro-
ducing cells (nTh17?) before the development of Thi7 cells. Thess
IL-17-expressing <cells acquire the potential to express robust 1L
17, but not IL-17F, and some cells coexpress IFN-y. We propose
that the [L-17 producing memory. CD4° T cells are the naturally
occurring MP CD4 7 subset, which differentiates in o STAT i
dependent pathway in the thymus. and that cells with this unique
phenotype play a functional role in the astraction of neufrophils,

Materials and Methods
Construciion and aninals

Distal' 3" GFP reporter (d2/} Ty mice; 11777 mice {34y and Fiak S
£35) were established: as previcusly described (241 Sta6” " mice were a
gift from Dr. S, Akira (Osaka University; Osaka, Japan} {361 1677 mice,
which were geaerated as described previously (373 were provided by Dr
T Hirano (Osaka University, Osaka, Japany and crossed with OF2 Tg mice
(38 €D Cre Tg mice (395 provided by Dr. C. Wilson (Universily of
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Washington, WAJ, were crossed with Star? f mice (405 DOILI0 Tg
mice were provided by Dr. K. Murphy (Washingion University. MOY (41),
and Roryt ™ ‘mice were originally gencrated by D, D. Littman {New
York University, NY) (1) and provided by Dr. 1. Taniuchi (RCAL
RIKEN. Yokohama, Japan, The Stat} ™" mice were originally generated
by Dr. Schreiber {Washington University School of Medicine, St. Louis,
MO} {42). Al mice used in this sibdy were maintained in specific pathogen
free conditions. Animal care was conducted in accordance with the guide-
lines of the RIKEN Yokohama Institute.

Cylokines and Abs

The reagents for ELISA, anti-IFN-y (R4~6A2 and XMG1.2 biotin}, anti-
-2 (JES6-1AL2 and JESH-5H4 biotink, and ami-IL-4 (BVD4-ID1} L and
BVD6-24G2 biotin} were purchased from BD Biosciences, Mouse TL-17
and the-H-17F ELISA development set was porchused froms R&D Sys-
tems. The ant-CD28 mAb (PV-1) was a gift from Dr. R, Abe (TUS, Chiba,
Tapany. For FACS analysis, anti-CD44 (IM7) and anti-TL-17A-PE (TCH 1
I8HHY were purchased from. BD Bioscienees.  Anti-Ib-17F-Alexa Fluor
647 and mi_-2IR/Fe fusion protein were purchased frons eBioscience and
R&D Systems, respectively, Measurement of cytokines was: also per-
formed ‘using & cytokine army Bio-Plex assay system {Bio-Rad).

Preparation of CD47. T cells for cylokine assay and cell
mransfer. and induction of Thcells

CD4* T cefls were iwkited from spleon cells using magnetic beads
(MACS, Milwenyi Biotecy. D3 Tg mice-derived GFP7 CD44hish, GFP* |
and 4" CD4 Tocells were prepared by cell sorting with 2 FACSVan-
tage: instrument using the CellQuest software {BIY Biosciencesy, CDid*
thymooytes, were: enriched. using | CD4 mugnetic: beads (MACS), "and
CD44'9% and CD44M CDYSP cells were isolared from the CDE NKI™
fraction: For NK T cell stimulntion, whole spleen calls were stimnlated
with o-GalCer (D ML Tantguchi, RIKEN, Yokohama. Japany. Memory
type CDA° T cells were isolated using microbeads. (MACS) conjugated
with anti-CD62L and anti-CD2S mAbs, Inducible Thi7 cells were pre-
parcd from sorted CD44™ CDS ¥ T vells isolated from DOIT 0 Tgior
BALB/e mice by sumulation with anti-TCR and anti<CD2R in the presence
of IL-6.020 ng/mi: PeproTechy, TG (5 ng/mils R&D Systems), anti-fL 4
(11811}, and anti-IFN-y (XMG 1.2} For transfer eéxperiments; X (0%
cells were Ly, transforred into DOLE 10 Tg Rag ™! mice or Rug ™ miice.
Spleen cells were preparcd {rom QVA chatlenged mice, and for measure-
ment of cytokine production, | X 0% celts wore was conducted by aéti-
vation with:-Lor 10 pM OVA peptide (Loh13)-loaded APCs (39167 celisy
o plate-bound ant-TCR plus anti-CD28 mAbs. Cytokines were weasured
by ICS, ELISA or the Bio-Plex systent.

Inducrion of Ag=specific and nonspecific ainvay réesponses

For' the. non. Ag-specific’ airway. response, mice: were intranasally chal-
teged with LPS (10 pg/mousey: For the OVA speeific alrway responsy;
DL Te mice were administored S0 gz of VA (grade V. Sigma-
Aldrichy At24 b afier the last challenge, total cells wers collccted froms the
Bronchoalvealar favage fluid (BALF), and Giemsa staining was candireted
for differential cell counting of lymphocytes and neutraphils.

Results
Tmpaired early neutrophil acewmulation in DOILIO Tg
Rag ™7 mice

Previous studies have shown that intranasal Ag administration of
OVA to TCR Tg mice promoted infiltration of IL-17 producing
€047 T cells in the airway, where they regulate neufrophil and
macrophage attraction to inflammatory sites (323, To determine
whether effector ThI7 cells migrate into the airway, we compared
the accumulation of neutrophils and I1L-| 7-producing CD4* T
cells in DOTE 10 Te BALB/ mice to that in DOHLIO Tg Rag -
mice {DO11.10 and DO Rag= 3. DO11.10 and DO Rag™'= mice
showed comparable T cell independent neutrophil accumulation
following LPS stimulation (Fig. 1A} DOL10 mice showed a
marked “accumulation of Iymphocyies and neutrophils into the
BALFand lung. However, DO Rag™' had a significant reduction
of infilteating cells at 24 and 48 h (Fig. 1, 5 and C). These resulis
suggested that DO Rag ™’ mice are missing an undefined 1L-17
producing T cell subset responsible for the earty phase of the air-
way inflammatory response.
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FIGURE 1. Neutrophil accumulation in the atrways of DO11.H) and
DO Rag ™ mice. A, DOILID. and DO Rag ™" mice were infused
intranasally with 10 g LPS or PBS. Afier 24 h, BALF cells were obtained
and analyzed by Giemsa staining. The total eells (Total} and neutrophils
(Neu) infiltrating the BALF were quantified. The date are the means of four
independent experiments and the error bars indicate the SEM. 8, DOI 1.1¢
m=3aMba=SusSha=4at 2hy D0 Rag ™" mice{n = 3 at
2Mhon=3at4Bh s = 6at 72 hyand Rag™’" mice {# = 3 cach, at 24,
48, and 72 i received S0 gz OVA intranasal infusions every 24 'h. BALF
celts were isolated at the indicated time points. Total cells; {Total), lym-
phocytes (Lym). and Neotrophils (Neu), were quantified microscopicaliy.
Statistical significance was determined tsing Student’s £ test (%, p < 605
w2, p < 0011 €, DOV and DO Rag ™/ mice were nasally chalienged
with OVA twice, Histological analysis of fung tissue in the challenged
mice was performed using H&E staining of formalin fixed sections. Scale
bar = 100 pm. The dma arc representative of three indepemient
experiments.

We thercfore compared: the cytokine profile of €CD4™ T cells
miigrating into the BALF after OVA immunization of DOILI0
and DO Rag™’T mice. The infiltrating CD4F T cells clearly pro-
duced L1730 DOYELIO, but not in DO Rag"" Tomice; and the
IL-17 producing cells had a unigue cyiokine profile. producing
H-Y7AL but not IE-17F or IL-4. Approximately one-thied of the
cells simaltaneously expressed IFN-y (Fig. 245 To study the sig-
nificance of IL-17A in OV A-induced neutrophil accumulation, we
used the OT-2 TCR transgenic (OT-2 Tg} syslem, because I17a
deficient mice have the B6 background. Nasal OVA administration
to OT-2 Tg nice showed clear accumulation of IL-17 producing
cells and neutrophils into the BALF, whereas [l 7a-deficient OT-2
mice exhibited a significant reduction in neutrophil accumulation
(Fig. 2, B and €. These resulls support the general corcept that
Thl7 cells are the major source of IL-17. however, the cytokine
profile of the BALF infiltrating 1L-17 producing T cells was quite
distinct from that of canonical ThiT cells.

The wThiZ cells are a-memory fype CD47 T subser

We further defined the different T cell subsets in DOFLIO vs DO
Rag“l“ mice and found a clear difference in the memory/activated
CD4 ™ population. Splenic KIH ™ CD47 T cells from DOILIO
mice, but not DO Rag"‘ mice; had a substantial number of mem-
ory/activated phenotype celis capable of secreting 1L-17 in re-
sponse to  primary OVA stimulation (Fig. 34). We have defined
these calls as nThi7 cells and, next; asked whether the nThi7
CD47 T cells were present in nontransgenic animals. Similar
TL-§7 expression wils observed in freshly isolated splenic CD4 5T
cells derived from normial BALB/ mice when the cells were stim-
ulated by TCR cross-linking (Fig. 3B}

Using GFP reporter Tg mice (d3” Tg) in which the activity of
the conserved noncoding sequence-2 enhancer in the [l4 gene
could © be  monitored (25}, we ' previously - demonstrated:: that
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FIGURE 2. Infiltiration of IL-17 producing CD4% T cells into the
BALE, A, DOU1L.16 aad DO Rag ™’ mice were immunized twice by in-
IOV A adiministration. BALE cells (£ X 10° cells) isolated from
immunized mice were stimulated with’ anti-TCR and anti-CD2B. After
48k, H-17ALTL-17F, -4 and BN-y expression was analyzed by 1CS of
CD47 cefls. Similar results wore observed in four independent experiments
and Fepresentative data dre shown: B, DOTLIO and OT-2 Tg mice were
OVA immunized, and 1L-17A expression was analyzed by ICS s de-
scribed in A The daia are répreseniative of three independent experimients.
€, OF2 T and OT2 Tg 1177777 mice were immunized with OVA twice.
After 24 h. the number of total cells (Totaly, lymphoeytes (Lym), and
neutrophils (Neu in the BALF were quamified. Data are the means of three
indepondont experiments and the error Bars indicate the SEM.

unprimed “memory: CD4" T cells "expressed  relatively high
aniounts of IFN-y and IL-4. We next asked whether the nThi7
cells were part of the memory CD4 T subset. Three distinct sub-
sefe were isolated from d3' Tg mice based on GFP and CDd4
expression (Fig. 3C; left). and their cytoking expression profiles
were assessed at 48 hoafter TCR stimulation Gsing ELISA and ICS,
TE217 was selectively expressed in the GFP™ CD44"8% subset and
the majority of I.-17 producing cells produced: IFN-y: simulta-
neously {Fig. 3C)

GFP? KK T cells produced relatively low lavels of TL-17 after
cagnate recognition of t-GalCer-loaded CDId (Fig. 3C, right, and
Fig. 30y, GFPTCD44™" cells contain CD25 7 Treg, but the 1L-17
¢xpressing oclls did not express CD25 (S.T. and MK, vnpub-
Tished data). These data indicate that nTh17 cells are a population
distinet from the 1L~ producing memory Foells, NK T cells, and
Tregs:

1E=17 production by aThi7 cellsis regidduted by
STAT-independent RORvt

Because nThi7 cells and canomical ThiT cells share a common
feature of 1L-17 production, we next asked whether nTh17 cells
are derived from canonical effecior-type inducible Thi7 (iTh17)
cells. To induce iThE7 cells. Ag priming was performed. under
restricted cytokine conditions, namely the combination of IL-6 and
TGF:-. and the iTh17 cells were found to coexpress 1L-17 {IL-
17A) and 1L-17F 141}, However, as observed in DOT1.10 mice,
the nEhi7 cells exhibited a cytokine profile distinet from IThi7
cells. The nThi7 cells produced IL-17A, but not IL-17F, after
primary stimulation and coexpressed IFN-y (Fig. 44} This cyto-
kine profile was also confirmed by ELISA (Fig. 4B). We Ffurther
asked whether nTh17 cells are the madn source of IL-1 7 in primary
Ag stimulation. DOELIO transgenic mice (DO} Rag~'~-derived
ngive: T cells and DOH . 10:derived paive and memory CD4° T
cells were stimulated with. OVA peptide Toaded APC, and 1L-17
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FIGURE 3. Primary IL-17 production by memiory CD4% T eclis. A, Splenic CEM™ T cells enriched from DO#1.10 and DO Rag ™™

mice wore analyzed

for CD44 and CD4 expression in TCR ransgenie T cells (K- 1.267) (fop) CDA" T ealls (1% 107 cells) were stimulated with anti-TCR and anti-CD28.
After 24 W, intraceliafar 1L-17 and TFN-y iy the KJ-F gated D47 T cells were i by ICS (B % B. Splenic CD4* T eells (5 % 1 celis) from
unprimed BALB/ mice were stimutated with plite-adsorbed anti-TCR and anti-CD28 for 3 days: Cytokines in cukum superantants’ were measured using
a BioPlex cytokine wssay sysient, Dat are the means of three independent experiments and the error bars indicate the SEMUC, C DL naive, CD34Msn

GFP™,

. and CD44525 GFP* populations eft) were isolated by sorting from distal 3' 114 Tg mice on s BALB/c background. Each sorted population (£

107 cells) was simolated with anti-TCR and anti-CD2R, After 48 hoI1=17 and IFN-y expression was an.\!)zxd by ICS in three fractions. and TE-2; 114,

1L-17, and IPN-y in the cul uper were

ified by FLISA: B, Whole spleen cells (3 % 107 cedlsy from BALBfC mice were stimulated with

. 50100, or 200 ag/mi o GalCer After 48 h; 1~ l, and IPN-y were mcasured by ELISAL

expression was examined. IL-17 expression was only found in
K¥F memory type nThi7 cells. which secreted HL-17 after pep-
tide stimulation {Fig. 4C); Memory type CD47 T cells also con-
tained large numbers of 1L-21 producing cells, however nThi7
cells were clearty distinct from the follicular helper T cell-like
meimory. T cells that expressed IL-21, because: the majority. of
nTh17 cells did not express 1L-21 {Fig. 4D).

[E<6/L-2H/1E-23-medisted STAT3 activation plays an essential
role in gererating #Thi7 cells, In:contrast, the IFN-vARF-I/
STATE and IL-4/STATG axis negatively regulate this differentia-
tion pathway {9). However, /6 deficiency did ot affect primary
1L-17 production. whercas IL-17 production was partially im-
paired in H23-deficient mice (Fig. SA). Furthermore, primary [L-17
production from nThi7 cells was maintained at detectable levels in
Starz deficient T4 T cells, and significant augmentation was
observed in Stefl- and Statt-deficient T cells. Pamary IFN-y ex-
pression was comparable between wild-type (WT} and Srati-de-
ficient T cells (Fig. 5C). Therefore. the generation and/or mainte-
nance of nThi7 cells are IL-6/STAT3 independent; but partially
1L-23/STAT3 dependent, indicating - that - nTh17 cells - and
iThi7Zcells have distinct developmental pathways. However, both
nThi7 cells and iThi7 cells’ are negatively regulated by 1L-3/
STATG and IFEN-y/STATH during their development.

The mechanisms by which DOTLI0 mice, but not DOTLIO
Rzag"’ T mice, we able 1o generate Ag specific n’ThI7 cells that

exhibit a memory phenotype, CDA4"%. and CDE2LI™, without
prepriming, are unclear, Therefore, we examined whether nThi7
cells are generated in the absence of prepriming using DO1L L0 vs
DO Rag” mice and OT-2 vs OT-2 Rap 7', The Ch4aq™er
#wThi? subset was found among CD4 single positive (SPj cells in
both. DG 110 and OT-2 thymus, KIL CD4 SP cells in DOHLD
mice of Va2 CD4 SP cells in OT-2 mice were produced H.-17
in:the stimulation with & TCR mAb, indicating that nThi7 ap-
peared among: thymic CD47 SP cells without priming (Fig, 5C).
aThI7 cells were readily detectable even In Staf3-deficient and
Hé-deficient mice and these cells had a cytokine profile similar to
nThi7 celis in the periphery (Fig. 5. D and Ey. Therefore. nThi7
cells were generated in the thymus without the prepriming and
STAT3 signal. which requived for iThET differentiation,

RORg are critical transcription factors that regulate 1217 pro-
duction by Thi7 cells {I1. 12}, and the expréssion of RORyt is
tightly regulated by 1L-6. Therefore, we next asked whether there
was a requirement for RORs in IL-17 production by nThi7 cells,
because nThi7 cells could be generated in conditions where iTh17
cells could not: The number of nThi7 cells from Rary =% ¢
porter knock:in (Rory'Y) mice was approximately half that of
WT B6 mice. Moreover, one-third of IL-17 expressing memory T
célls coexpressed GER in Rei"y:('n’ mice (Fig: 5F), These results
indicate that ROR~t expression is essential for the production of
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FIGURE 4. - Unique cytokine expression pattern of nTh17 cells. 4, Froshly isolaed, naive, CD43"®" momory CD4T Teells 6r Thi7 celis 0 » 0% cells)
from unprimed BALB/S mice were stimulated with anti-TCR and anti-CD28; and TL-17A; -1 7F, and IN-y production was assessed by ICS after 24 b,
The data are repre tive of three independent experiments, B, Cytoking concentrations in supematants measured by ELISA: Daia are the means of three
independent experiments and the error bars indicate the SEM. C, CDE N memery and CDIA™ memory CD4” Teells €1 X 16% cellsj were derived from
DOLLI0 Tg mice, and CDS4™ naive CD47 T colls were isolated from DO Rag’ - mice; Cells {150 105 collst wore stimulated with OVA peptide Loh-15
{1"and 10 My in the prescnce of APC (5°X 10 cellsy, L 17A and 1L-17F production. was analyred by ICS after 48 b of anti-TCR and anti-CD28

stimulaiion. D, Intrcetiviar TEA17 and TL-21 were analyzed in CDA memory and COEM aive D47 T cells prepared in AL

IL:17 by aThET cells, and that n'Thi7 cells express RORytin an
IL-6-independent manner,

Memory ThIZ cells attract newtrophils and macrophages 16
inflamnatory ginvay sites

“To further define the in vivo role of nTh17 cells, we tested whether
the DO1 1. 10-derived aTh17 cells could overcome the neutrophilia
defect observed in DO Rag""" mice: The DO L I0-derived mem-
ory CD4* T and in vitro differentiated iTh17 cells were adoptively
transferied into OVA treated DO Rap~ '~ mice; respectively. DO
Rag“' Tmice and Rﬂg"f" mice exhibited quite low levels of neu-
trophil attraction (Fig. 1B). Reconstitution of sThi7 completely
restored the accumulation of neutrophils at levels equivalent to that
of DOLI IO cell injections (Fig: 64). indicating that pThi7 calls
are indispensable for establishment of the neutrophil-mediated air-
way response and has about half level of the ability to induce
neutrophil accumulation compared with iTh17 cells.

Induction of neutrophilia was further tested in an Ho-deficient
background  after intranasal OVA administration to determine
whether the nTh17-mediated Ag-induced neutrophilia could occur
in the absence of iThi7 cells. H6~7- OT2 Tg mice had a normat
sccumulation of neutrophils and macrophages (Fig. 6B). Finally,
we tested whether nTh17 cells were sufficient to induce neutrophil
accumulation. Injection of DO nThi7 cells into Rag='" mice en-
hanced neutrophil accumulation compared with untreated Rag='=
mice. The numbers of infiltrating neutrophils were comparable to
that i DOLL.10 mice (Fig. 6C). These data demonstrate. that
nFh17 cells are sufficient to induce the initial phase of neutrophil
mediated inflammatory responses.

Discussion
1L-17 is a pivotal cytokine regulating inflammation by recruiting
inflanimatory cells such as neutrophils and macrophages. In this

study, we first used TCR. transgenic DO1L10 mice crossed. with
Rag*?* or 77 mice to demonstrate that a noncanonical CD4™ T
cell subset. nThi7, regulates the early phase of Ag specific airway
responses through the JL-17 mediated infiltration of neutrophils
into the BALF. The nTh17 subset. which robustly secretes 1217
but not IL-17F, is a distinct population from the effector-type of
iThi7 cells. We further found that considerable IL-17 production
was induced from nThi7 cells in-unprimed mice. Unlike iTh17
cells. IL-6 signaling was not required for the development of the
nThi7 cells. although the [L-23/STAT3 signaling pathway was
partiatly involved: in their expansion: RORyt was essential for
1~17 production by nThi7 cells, as well as by iThi7 cells, There-
fore, we propose that nThi7 cells are a paturally occurring mem-
ary-type €D4 7 subset that is appeared in the thyimus indepen-
dently of prepriming and 1L-6-STAT3 signaling. The nTh17 cells
play an impertant role in regulating the early phase of 1L-17 me-
diated inflammiatory responses.

1L-17 was originally reported to be produced by activated/mem-
ory. T cells (26). The present data demonstrate that CD47 T cells
derived from unprimed mice are capable of producing IL-17. The
soures s a unigue CDA4™E" CDA’ T celf subset. nThI7. NKLI7
invariant NK T cells have been proposed as asource of =17 (43},
however IL-17 praducing invartant NK T cells do not express
IFN-7 (44, 433, In contrast. the n'Th17 subset produces both IL-17
and TEN-y; and nThi7 cells do exist as KJ-t7 CDMMM CDa- T
cells in the spleen and thymus (Figs, 4C and 5C), suggesting that
this n'Th17 subset is a distinct population from the invariant NK'T
or ¥8.T colls: We prexiously reported that similar memory cp4”
T cell subsets produced TE-4 or IFN-v after primary stimulation
25}, The present study indicates that the nThi7 subset is capable
of secreting farge amounts of 1L=17 without Ap prepriming. A T
cell subset similar to nThE7 cells has been reported in the spinal
cord of mice with EAE, and these CD4" T cells simultaneously
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FIGURE 5. ROR dependent and STAT3 independent IL-17 praduction by nThI7 cells: A, CDASM 1 TRIT cells were froshly isolated from Statd ™
Srat6 ™, CD4” cre stat3 U mice {—/—, BY, and CSTBL/6 (B6) control mice {WT, [k and cells {1 X 10° cells} were stimulated with anti-TCR and
anti-CD28: After 48 b, the concentration of 11-17 in the culture supernatant was determined by ELISAL Data are the means of three independent experiments
and the ¢rror bars indicate the SEM. Statistical significance wat dotermined using Studeont’s ¢ lost #; poo 0.03; »,p <7 001 B, Splenic naive T cells and
aThi7 cells wers tsokued from controt CD4 ™ ere Tg W T and CDE -cre star B mice (St 7y Naive CD4 7 T cells were cultured under Thi7 skewing
conditions and then restimulated with anti-TCR. Fleshly tsolawd nThET cells were stimulated with anti-TCR and anti-CD28. Costaining for IL-17A and
1L 178 was performed by ICS! € Thymic CD4 SP cells enriched from DOYLIO DO Rag 7, OT-2,and OT-2 Bag ™ mice were analyzed for CD4 and
CD4 expression (lefty, CD4 SPealls (1.5 10 celisy were siimulated with anti-TCR and anti-CD2E. After 48 h. intraceliutar TL-17 and HN-y in the KI-1%
{for DOYor Va2* (for (FT-2¥ gated CD4” T cells were assessed by ICS (righiy. ICS dafa arc reprosentative of three independent experiments. £, Magnetic
sorted thymic CD4* 'SP cells were stained with CD44 and NKL U (lop feff), CDE cells (1107 colls} were sorted from €D47 SP thymocytes of
CDA  aere T (WY dnd €D ¥ ~cre statd §F mice (Sfar3 7 1 Pollowing anti-TCR and anti-CD28 somulation for 48 b, H-17A and 1L-17F were defected
by ICS (right) and ELISA (lower lofth. 1CS data are ropresentative: of three independent experiments, ELISA data are the ‘means: and SEM of three
independent experiments. £, CD44™ colls (1% 10° celis) were sorted from CD4 Y SP thymocytes of OT-2 Tg and OT-2 Jl57" mice. Follewing anti-TCR
and anti-CH28 stimulation for 88 5. TL-17 and TEN-y werd detected by TCS (lower). F, Naive CD4 T cells and CDUA" memory colls werd freshiy fsolated
from Roryt™'ST or B6 mice {WTyL After stimulation’ with anti-TCR and anti-CD28. 1L-17 and GFP cxpression was assessed by FACS analysis,

produce both [L-17 and IFN=y ¢FI). Similar double producers were
also found in a colifis model induced by Helivobacter hepaticus
{46}.

Numerous previous studies have indicated that coordination of
TGE-§ and HL-6 and/or 1121 signaling is critical for development
of effector type iThi T cells (13, 14, 473 Both 1L-6 and IL-21 share
& STAT3 mediated signaling pathway, and disruption of the stgf3
gene completély abolished 1Thi7 differentiation (101 However,
nThi7 can develop in the absence of IL=6 andfor STATS, anen-
vitonment in: which iThi7 cells. fail to develop: Therefore, the
existence of nThi7 cells may explain previous observations that
117 deletion has a stronger impact than {16 deletion on 'the EAE
fesponse (14).

ROR¥t and RORe« are essential transcriptional factors that reg-
plate TL-17 expression in iTht7 cells (12} Rory and Rora gene
expression is induced by the combination of STAT3 and TGF-B
signaling pathways (11, 13, 143, Ous data indicate that nThi 7 cells
also express RORYL although STAT3 Is dispensable for the gen-
eration of nThi7 in both the thymus and periphery. These obser-
vations suggest the possibility that nThi7 cells, in contrast to the
canonical effector type Th17 cells vse alternative induetion mech-
anismis for ROR#yt expression.

Statl and Star6 deficient mice have augmented 1L-17 expression
by nThi7 cells, and a similar augmentation was also observed in
Ifay deficient and Ief] deficient mice. A previous report has indi-
cated that IFN-wSTATE-mediated T-het expression negatively
regulates: the development of iTh17 cells. The HL-4/STAT¢ sig-

naling axis:is alse known to negatively regulate the development
of iThi7 cells (9). The nThi7 cells dare similarly negatively regu-
tated by the IEN-9/STAT and H-USTATG signaling axes; 'Ad-
ditienally,we found that IFNCy mediated IRF-1 activation is pref-
erentially involved in nTh17. but not iTh1 7, cell development (15).

Althotgh 'IL-23 was originally reporied to: be an inducer of
IThiT cells €5, 8, O HL-23 doss not appear to be directly required
for Thi7 differentiation {17). In our studies; JE-17 production by
oThi7 cells was partially impaired in /123 deficiént mice; a find-
ing consistent with the data derived from Staf3 deficient mice:
Furthermore, IL-23 avgmented 1L-17 production by nTh1Z cells
(dafa not shown), indicating that nThi7 cells may express the
receptor Tor H-23. In contrast. JL-17 produceng cells in the
thymic CD47 SP population were intact even ina Star3 -
background. Therefore, the central role of IL-23 may be in the
expansion and nainienance; but not in the generation, of nThi7
cells in the peripherys

A previous study indicated that Th17 cells played a ciitical role
in recruiting neutrophils into airway inflammatory sites of an Ag
induced hypersensitivity ‘model in . OVASTCR  transgenic mice
{33). In our studies; the nentrophil aitraction was initiated within
24 b after intranasal administration of OVA (Fig. 1 B). However, it
is very unlikely that IThE7 cells could be induced within such a
short ime frame, because Ag priming should be necessary for the
induction of iThi7 cells. Morcover, afier intranasal OVA admin:
istration into DOEL 10 Tg mice, infiltration of the IL-17-produding
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FIGURE 6. Restoration’ of airway infiltrating ‘neotrophils and macro-
phages by nThI7. A, CO44™ “memrory T cells were isolated’ from
anprimed DOTE10 mice and TTHI7 cells were derived from DOLLIO
CD44M= CD47. T celis. Cells (1 ¢ 10% of both:cell. types were injected
inte PO Raz ™7 mive, memory DO Rag™7; and ¥TRIT DO Rag™’", re-
spectively, DOTLIO {whitern =43, DO Rap /7 {blacki s = 3); memory
DO Rag ™" (gray: # = 5% and {Th17 DO Rag ™"~ 1dark grayi n = X mice
were intranasally challenzed with OVA (30 pefmouse) twive, After 48 h,
BALF cells’ were isolated: from' vach: group. Tolal cells. Iymphocytes
{Lym), macrophages: (Macy and noutraphils: (Neuy i the BALF were
eounted for cach group. Diata represent the means and the error bars indi-
cate the SEM, Statistical significance wus determined using Student’s £ test.
= g 0050 #%, p < BOL B, OT2 Te mice, WT {white), or #6777 (black)
were (reated with OVA twice. AU 24 b after the Jast injection, the numbers
of tutal ceils, macrophages; lymphoovics, and neutrophils in the BALF
were quantified. Data are the means of ihn.c independent experiments and
ihe ervor bars indicate the SEM. C Rzzg 7 mice wore Injocted with (mem-
ory DO Rag” “#-¥ or without {Rag ™1 DO 10-derived CDA4™ momory
CD47 T eells, snd mice were intranasslly infused with OVA twice, The
data represent the numbers of meutrophils infiltrating the BALF. Statisireal
significance: =4, p < 0.01.

CD4* T cells was observed in the absence of IThi7 cells: Fur-
thermore, OV A treatment did not result in the appearance of IL-17
producing CD47 T cells in the BALE of DO Kag"’;' mice (Fig.
1€ Collectively, these resulls indicate that the infiltraling 1L-17-
producing CD3* T cells correspand to nThi7 cells, which may be
generated in the thymus, This model is consistent with: the results
of the AHR experiment in JJ6 deficient: OF2 Ty mice (Fig. 6B8).
The aThi7 cells can induce the early phase of neutrophil accumu-
fation in. an. unprimed situation: However, the efficiency of the
neutrophil infiluation was lower in nThi7-injected Rag~!" mice
than in DO LE0 Tg mice (Fig. 6, A and C). These results suggest
ihat both nTh17 and naive T cells are required for maximum neu-
frophil attraction to the alrway.

We have provided a novel insight into STAT3-independent gen-
eration of natural occurring memory-type Thi7 cells; as well as the
function of this T cell subset in vivo and in vitro. The nTh17 subset
is required for initlating the early phase of an inflammatory re-
sponse and understanding their function may aid in forming a more
precise understanding of IL-17-mediated host defense and inflam-
matory responses in Ag-unprimed conditions.
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Immunotherapy in Cedar Pollinosis
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ABSTRACT

To initiate, monitor, and complete effective immunotherapy, biomarkers to predict and visualize the immune re-
sponses are needed. First, we need to identify the right candidate for immunotherapy. Secondly, the immune
responses induced by immunotherapy should be monitored. For the first objective, analysis of polymorphisms
of candidate genes may be helpful, but still be in development. Regarding biomarkers for immune responsese,
there are numerous reports that evaluate immunotherapy-induced immune changes such as suppression of ef-
fector cells, deviation to Thi cytokine production, and induction of regulatory T cells. No standardized methods,
however, have been established. Among them, a functional assay of blocking igG activity, the igE-facilitated al-
lergen binding assay, may be useful. We quantitated induced expression of an activation marker, CD203¢, on
basophils and found that the assay efficiently predicts sensitivity to particular allergen and severity of the
allergen-induced symptoms: In patients who received rush immunotherapy for Japanese cedar pollinosis, re-
duction in CD203¢ expression after the therapy was observed, suggesting the utility of the test for monitoring
immunotherapy.

KEY WORDS
basophils, CD203c, cedar pollinosis, IgG4, immunotherapy

therapy in Japanese cedar pollinosis has also been re-

INTRODUCTION ported.12

‘The incidence of Japanese cedar pollinosis (JCP) is Although immunotherapy confers a multitude of
increasing at an astonishing pace, which was first rec- benefits, there still exist issues to be addressed; the
ognized in early 1960s and now affectis around one present form of immunotherapy is stili bound to IgE-
fourth of the popualation in Japan.!3 Effective pharma- mediated side effects, some patients may not benefit
cotherapy including non-sedating antihistamines, leu- from the treatment, long periods for treatment are re-
kotriene receptor antagonists, and topical corticoster- quired and the fiming of stopping therapy is not well
oids. has evolved and quality of life of the patients has defined. Along with various efforts to improve the
been improving. 43 Yet, the remedies merely controt therapy, effective biomarkers have to be developed to
symptoms and do not change natural history of the tailor the existing therapy and to evaluate new fornis
disease. Further, social burden of the discase is siill of the therapy. The markers should identify right pa-
significant.® On the other hand, allergen immunother- tients ‘with favorable therapeutic responses without
apy generally not only alleviate allergic symptons but adverse events, monitor the efficacy based on immu-
has pofential to modify the disease since clinical nolagical responses o particular allergen, and iden-
benefits are reported to be maintained at least for 3 tify the right timing of discontinuation. Although
years, even for 12 years after discontinuation.”8 In “ideal” biomarkers are yet to be established. pros-
children, immunotherapy prevents new sensitiza- pects for the biomarkers in allergen immunothetapy
tions?1¢ and reduces progression of rhinitis to asthna will be discussed in this article. We also describe
for up to 10 vears.!! Long-term efficacy of immuno- quantification of allergen-induced CD203c expression
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Fig. 1 Mechanisms of allergen immunotherapy.

on basophils as a possible biomarker for Japanese ce-
dar pollinosis. Basophils are important effector cells
in the pathogenesis of “allergic diseases!? because
they infiltrate in the gasal mucosa of patients with al-
lergic rhinitis!t and produce a number of medialors
and cytokines involved in immediate and late allergic
responses.!® In addition, the fact being circulating
cells easily enables us to test the cells ex #ive by util-
izing a flowcytometry. Here, we show that the baso-
phil activation test ulilizing CD203¢ expression may
measure “blocking” activity induced by immunother-
apy.

IMMUNOLOGICAL MECHANISMS IN AL-
LERGEN IMMUNOTHERAPY

THE ALLERGIC RESPONSE

Before discussing biomarkers in allergen immuno
therapy, the putative immunological mechanisms are
summarized (Fig. 1). The exposure of cedar allergen
in the nose, eyes, or bronchi of genelically suscepti-
ble individuals causes ThZ-deviated immune re
sponses. Cvtokines such as 1144, 11-5, 119, and 11-13

t immunotherapy thigh dose}

Ahﬁgen presenting cell

hmmune deviation in favor of Thi cells ]

Induction of regulatory T cells |

Tricelt
CD4+CD25-+Treg celt

= &

i Tolerance

fected organ. Upon re-exposure o the dllergen in the
season, IgE-dependent activation of mast.cells and ba-
sophils results in release of numerous mediators in-
cluding histamine, cysteinyl leukotrienes, prostaglan-
dins; and platelet activating factor, leading to sneeze;
prurifus, waterly discharge, stuffy nose, and some-
times bronchospasm. In addition, mast cells and ba-
sophils; are large producers of Th2 and proinflamnia-
tory cytokines including 114 and TNF-¢ to potentiate
chronic ThZ-deviated inflammation in the tissue.

Allergen immunotherapy has potential to inhibit or
reverse each step of the above allergic responses and
to confer tolerance to the allergen (Fig. D). Signifi-
cantly higher amount of allergen is administered in
immunotherapy compared fo natural exposure. Be-
cause it has been shown that deviation to Th2 as ex-
pressed by IpE production depends on the allergen
dose used to prime the corresponding expenimental
systems, ®15 where low allergen doses favor and high
allergen dose suppress IgE production. In fact, clini-
cal efficacy is related to the allergen dose, %20 higher
doses resulis in betler protection.

derived from Th2 cells are responsible for specific
Igk production, differentiation and activalion of effec-
tor cells such as mast cells; basophils, and epsino-
phils, and direct stimulation. of responder organs in-
cluding mucus glands and vascular cells in the af-
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MECHANISMS OF IMMUNOTHERAPY IN THE
EFEECTOR PHASE

Recently, time course analysis of clinical and inmu-
nologic measurements during the first year of prass
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pollen immunotherapy?! has been reported, which
could substantiate a number of partial information
previously observed. The first change was reduction
of late phase responses (LPR) to intradermal chal-
lenge testing that was observed as early as after the
first 2 weeks during up-dosing stage of the conven-
tional injection immunotherapy. Then, elevation of
specific IgG4, inhibition of basophil histamine re-
lease, and inhibition of binding of allergen-IgE com-
plex to B cells were observed during 6 to 8 weeks at
maintenance allergen doses. Reduction of early skin
responses, which usually associates with clinical effi-
cacy, was accompanied with these later immunologi-
cal changes. The  investigators ~also found that
allergen-induced. {1-10 production from peripheral
blood mononuclear: cells was a very early event ac-
companied with. LPR suppression. They conclirded
that 1gG responses may be necessary for clinical pro-
tection, inhibition of histamine release and allergen/
IgE binding to B cells, but that the preceding 1L-10
production could contribate to this process.

MECHANISM OF IMMUNOTHERAPY IN T CELL
DIFFERENTIATION

The important upstrean events that immunotherapy
bring abouf in immune responses to allergen is T cell
differentiation, a- critical step in regulating down-
stream effector mechanisms: Cumulative evidence re-
vealed: thal Thl cells and T regulatory cells are the
key cells in this context.

First; in patients who received grass pollen immu-
notherapy, increase in cells expressing IFN-y mRNA
were found in the nasal mucosa during allergen-
induced late responses and the numbér of the cells
and symptoms scores were inversely correlated.22 IL-
12'i8 known fto be a major cytokine to induce IENw
praducing Thi cells and significant increases in
allergen-induced 11-12 mRNA+ cells in cutaneocus bi-
opsy specimens:was observed in the immunotherapy-
treated patients and I1-12+ cells correlated positively
with IEN-y+ cells, inversely with IL-4+ cells? In
terms of Th? cells, seasonal increases in I1-5 and 11~
G-expressing cells in the nasal mucosa were signifi-
cantly inhibited in immunotherapy patients 242 Col-
fectively, Thi cells are induced and Th1/ThZ balance
is altered in favor of Thl cells by immunotherapy.

There are several subsets of T regulatory cells?®
and there exists inappropriate balance between aller-
gen activation of regulatory T cells and effector Th2
cells in allergy. It was reported that CD4+CD25+ T
cells, so-called naturally occurring regulatory T cells
(n'Ireg). from non-allergic donors suppressed prolif
eration and 115 production by their own allergen-
stimulated CD4+CD25~ cells while the inhibition by
CD4+€D25+ T cells from allergy patients were signifi-
cantly reduced.27 For these conditions, immunother-
apy induces regulatory T cells in the treated patients,
so called indicible regulatory T cells (1Tl cells) and

Aligrgology Intemnational Vol 58, No2, 2009 www.jsaweb.jp/
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Table 1 Development of biomarkers for allergen immuno-
therapy

@ Patient selection
<+ Prediction of therapeutic responses
< Prediction of serious adverse reactions
< ldentification of candidates for secondary prevention
@ Maintenance
< Monitoring of “protective” immune responses
® "Blocking” antibodies
@ Regulatory T cells, IL-10 and other inhibitory cylokines

@ Suppression of effector cells: mast cells, basophils,
eosinophils

< Prediction of serious adverse reactions
@ Completion

4 Identification of “nomnalized” immune responses 1o al-
lergen

<4 Prediction of recurrence after discontinuation

many studies have constantly identified induced ex-
pression of 1L-10.21.2830 One report demonstrated that
focal increases in II-10 mRNA and profein-positive
cells were observed in the nasal mucosa from pa-
tents after 2 years of grass pollen imniunotherapy.
The changes were observed in treated patients only
during the pollen season; not during off-season, nor
in placebo-treated subjects and healthy controls.3¢
These resulis - stuggest that H-10 responses: are
allergen-speciic, inducible pheénomenon: IE-10 acts
on B cells to:induce production of IgG4.3! 11-10-
induced "hlocking” IgG4 inhibits mast cell histamine
release and IgE-facilitated allergen-binding to B cells.
11-10 also directly blocks IgE-mediated mast cell acti-
vation.®2 Further, IL-10 blocks T cell activation by in-
hibiting costimalatory molecule CD2§ signaling path-
way, " leading fo reduction in cytokines such as H.-53
and reduction in inflamimatory cell recruifment such
as eosinophils. 2

BIOMARKERS TO MONITOR ALLERGEN
IMMUNOTHERAPY

To initiate, monitor. and complete effective immuneo-
therapy, biomarkers to predict and visualize the im-
mune responses are needed (Table 1) First, we need
to identify the right candidate for immunotherapy. Al
though the present form of immunotherapy is efiec
tive, some patients may not respond to well the ther-
apyand some may suffer from. serious adverse
events. We have to select ones who will benefit most.
it has been shown that immunotherapy for children
with rhinilis prevented ‘atopic march” from advanc-
ing to asthma.}! We have to select the right child for
the intervention since not all children with rhinitis de-
velop asthma. Recent progress in genetics has led to
the identification of several candidate genes that are
associated with various phenotypes of allergic dis-
eases S It is hopeful in the future that novel genetic
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Fig. 2. Flowcytometric analysis of allergen-induced expression of CD203¢c. EDTA-containing whole blood was incus
bated with various concentrations of the Japanese cedar polien (JCP} extract (Torit Phammaceutical; Tokyo, Japan} for
15 min after addition of sufficient amount of calcium solution to override chelating capacity of EDTA: Anti-IgE antibody
as a positive control and PBS as a negative controt were also used for stimutation {c). PC7-conjugated anti-CD3, FITC-
conjugated ant-CRTH2, and PE-conjugated anti-CD203c antibodies were also added during the reaction. The samples
were analyzed on a FC500 flow cytometer (Beckman Coulter, CA. USA). Basophils were detected on the basis of for-
ward side scatter characlerislics (a) and expression of negative CD3 (b} and positive CRTHZ {¢). Up-regulation of
CD203c on basophils was delermined using a threshold that was defined by the flucrescence of unstimulated cells
{negative control) and expressed as CD203¢™"% (c). JCP extract induced concentration-dependent enhancement of
CD203¢c expression in a patient with JCP polfinosis (d} and no enhancement was observed in a normat control (e}.

biomarkers ideniify patients who respond o the ther-
apy without risk of developing side effects 36
Secondly, the immune responses induced by im-
munoctherapy need to be evaluated. Based on the
knowledpe of the mechanisms of immunotherapy,
several assays have been reported. Studies of periph-
eral blood mononuclear celis from patients receiving
mmmunotherapy have identified reductions in proli-
eralive responses to allergen, shifts from Th2 to Th2
cytokine production, and enhanced inhibitory IL-10
production. 25283137 Some investigators, however, did
not reproduce these findings in assays using periph-
eral blood although changes in the local tissue were
demonstrated.3® Variations in methodology in the pe-
ripheral T cell assays miay be responsible for the dis-
crepancies and standardization is necessary. Eleva-
tion of serum allergen-specific IgG or IgG4 antibodies
after immunotherapy have been clearly demonstrated
but again correlation between IgG or IgG4 tifers and
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clinical responses to immunotherapy still to be estab-
lished. Instead, functional assay of blocking 1gG activ-
ity have been developed. Among them, the Igk-
facilitated allergen binding (IgE-FAB) assay is re-
ported to be a validated assay for monitoring allergen
immunotherapy.?® Receptors for IgE. expressed on
the surface of antigen presenting cells, B cells in this
assay system, facilitate the presentation of allergens
in the presence of specific IgE resulting in effective T
cell activation at low concentrations of allergen.
“Blocking” IgG antibodies interfere with the interac
tion and the assay simulates the process in sifro.
Allergen-IgE complexes are incubated with an EBV-
transfornied B-cell line and complexes bound to
CD23 on the surface of cells are detected by fiow cy-
tometry. Inhibition of allergen-IgE complex binding
to CD23 on B cells by addition of serum from patienis
who have received allergen-specific immunotherapy
is then quantitated. They have demonstrated that the

Allergology International Vol 58; NoZ, 2009 www jsaweb jp/
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Fig. 4 Changes in JCP-spacific IgE levels (a}, JCP-specific IgG« levels (b}, JCP-induced basophil hisla-
mine refease score in HRT (¢}, and JCP-induced CD203¢"%% in basophils (d) after rush immunotherapy
in patients with JCP pollinosis. * P.< 0.05, ** P < 0.01, Dunn’s multiple comparison test (adapted from
reference 49 with pemmission). Two subjects in whom basophils did not respond to stimulation with an
anti-IgE antibody (non-responders) were excluded from the analysis for HRT and CD203c.
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1gk-FAB assay have high specificity and sensitivily to
diagnose clinical responses to immunotherapy. Re-
cently, several other studies ufilize the method to
monitor efficacy of immunotherapy.2140

ALLERGEN-INDUCED EXPRESSION OF
CD203c ON BASOPHILS

Basophils play important roles in allergic diseases in
effector phase by liberating mediators like histamine
as well as in induction phase by producing Th2 cy-
tokines, 114 and IL-134! Upon activation through
cross-linking of FeeRI by allergen, basophils rapidly
express surface molecules such as CD63 and CD203c
prior to the mediator and cytokine release. Flowcy-
tometry-based- tests for peripheral blood: basophils
can easily quantify these s vitro reactions, which pre-
sumably represent their in vivo activity. We utilized a
commercial ki, Allergenicity Kit (Beckman Coulter,
Fullerton, CA, USA), to detect expression of a baso-
phil activation marker, CD203¢, CD203¢ belongs to a
family of ecto-nucleotide pyrophoshatase/phosphodi-
esterases (E-NPPs)4243. gnd has been described as
being selectively. expressed on basophiis, mast cells
and their CD3%4* progenitors 4445 Since CRTHZ, a
prostaglandinD2 receptor, is selectively expressed on
basophils, Th2 cells, and eosinophils, 1647 the kit iden-
tifies basophils as CD3-negative and CRTHZ2-posifive
fractions from whole blood samples and measures
fluorescent intensity of CD203c¢ that is enhanced by
cross-linking of surface-bound IgE molecules (Fig. 2).
As CD203c¢ is rapidly upregulated after allergen chal-
lenge: in sensitized: patients -and. the. levels of up-
regulation are well correlated with their symploms
(Fig. 2, 3), it has been proposed as a new tool for al-
lergy diagnosis 4448 An important characteristic of the
kit is that it employs whole blood during incubation
with aflergen, which not only detects specific IgE an-
tibodies'on basophils but alse allows serum and other
factors, possibly: “inhibitory” factors induced by inr
munatherapy, in the bleod to modify the reaction.

We recently found that induced expression of
CD203¢ by Japanese cedar pollen (JCPj extract de-
creased after rush immunotherapy (RIT) in patients
with JCP pollinosis without decrease in specific Igh
fevels to JCP.4¢ We also found that significant eleva-
tion in JCP-specific IgG4 titers after RIT. There was
no changes in JCP-induced histamine release from
purified basophils® after RIT (Fig. 4). In passive sen-
sitization - experiments, the patients’ sera obtained
both before and after RIT showed essentially similar
sensitizing capacity. for basophils, corroborating the
fact that specific IgE did not change. In contrast, ba-
sophil degranulation in response to the pollen extract
was effectively suppressed by addition of post-RIT se-
rum samples, which correspond with the elevation of
specific. IgG4' in the serum 5! These resulis suggest
that the CD203¢ test can detect blocking activity of
1gG antibodies and other factors induced by immuno-
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therapy. We also extend application of the assay to di-
agnosis of food allergy, especially of tolerance. Al-
though specific IgE levels roughly predict sensitivity
to food allergens,® markers that represent tolerance
levels during outgrow phase of food allergy in child-
hood are not well-known. We found that the CD203¢
test effectively predicts sensilivity as well as tolerance
to egg, milk (manuscript in preparation), and wheats3
in children with food allergy.

CONCLUSIONS

Allergen immunotherapy is a promising disease-
modifying therapy for allergic diseases including
Japanese cedar pollinosis. To successiully initiate,
maintain; and. complete. immunotherapy, predictive
biomarkers have to be developed.. Somie prospects of
biomarkers in the mechanisms of immunotherapy
were reviewed in this article, Measurement of “block-
ing” activity of IgG such as IgE-facillitated allergen
binding assay may efficiently monitor treatment effect
of immunotherapy. Quantification of enhanced ex-
pression of CD203c on basophils employing whole
blood: during reaction with allergen may represent
not only sensitization status but also {olerance levels
in immunotherapy-treated patients. Larger scale stud-
ies are needed to standardize the CD203c assay for
generallaboratory use,
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