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Description

FEDERAL FUNDING LEGEND

[0001] The invention was made, in part, with govern-
ment support under grants No. P01 NS038037, No.
NS045937 and No. 30843, awarded by the National In-
stitutes of Health. The U.S. government has certain rights
in the invention.

RELATED PATENT APPLICATIONS

[0002] This application is related to and claims the ben-
efit of priority from U.S. Patent applications Ser. No.
61/006,541, filed january 18, 2008, and Ser. No.
61/031,824, filed February 27, 2008.

BACKGROUND

[0003] Autoimmune diseases, more than eighty of
which have been identified, cause significant morbidity
and disability and are notoriously difficult to diagnose. As
many as twenty-four million Americans suffer from au-
toimmune disease, and treatment costs exceed $100 bil-
lion annually.
[0004] Recently, a new population of effector cells,
TH17 cells, has been identified and implicated in various
immune- related conditions. The discovery of these cells
has had a major impact on the understanding of immune
processes not readily explained by the TH1/TH2 para-
digm. Importantly, TH17 cells have been associated with
the pathogenesis of human autoimmune diseases in-
cluding multiple sclerosis, rheumatoid arthritis, inflamma-
tory bowel disease, and psoriasis.
[0005] Further understanding of the differentiation, ex-
pansion, and function of TH17 cells in human cells, in
association with rodent models, and a method for spe-
cifically identifying TH17 cells remain important goals in
the exploration of autoimmune and other human diseas-
es.

SUMMARY

[0006] In a first aspect the invention provides an in vitro
method for detecting the presence of TH17 cells in a bi-
ological sample. The method comprises detecting podo-
planin with a probe, wherein the detection of podoplanin
indicates the presence of TH17 cells in the biological
sample.
[0007] In a second aspect the invention provides an in
vitro method of diagnosing an autoimmune disease in a
subject, comprising the steps of: (a) detecting podoplanin
in a sample obtained from said subject; and (b) diagnos-
ing the presence or severity of autoimmune disease in
said subject based on the presence, up-regulation or in-
creased level of podoplanin.
[0008] In a third aspect the invention provides a com-
position comprising an anti-podoplanin antibody for use

in the treatment of an autoimmune disease.
[0009] Also described is the differentiation of human
TH17 cells, which refines and extends the understanding
of the regulation ofIL-17A secretion from human CD4+ T
cells, and defines the conditions required for human
TH17 cell differentiation.
[0010] Described is a method of increasing the differ-
entiation of human TH17 cells from a population of human
naïve CD4+ T cells by contacting the T cells with TGF-β
and IL-21 in amounts sufficient to increase human TH17
cell differentiation.
[0011] Also described is a method of regulating the lev-
el of expression ofIL-17 from human naive CD4+ T cells
by contacting said cells with TGF-β and IL-21 in amounts
sufficient to increase IL-17 expression.
[0012] Further described is a method for increasing
TH17 cell activity and/or TH17 cell number by (optionally)
identifying a cell (a T cell), or a cell population, where
TH17 differentiation is desired, and contacting said cell
or cell population with a TGF-β agonist and a IL-21 ag-
onist in an amount sufficient to increase differentiation
into TH17 cells, thereby increasing TH17 cell activity
and/or cell number.
[0013] Also described is a method for inhibiting precur-
sor T cell or T cell population differentiation into a TH17
cell or TH17 cell population by contacting the T cell or T
cell population with an antagonist of a TGF-β and IL-21,
or a TGF-βR and IL-21R, in amounts sufficient to inhibit
TH17 cell differentiation.
[0014] Additionally described is a method for modulat-
ing one or more of: IL-17 activity, expression, secretion,
or processing, in a T cell or a TH17 cell, or a cell popu-
lation thereof, is provided by (optionally) identifying a cell
in which modulation (increase or reduction) of the activity
or level of IL-17 is desired; and contacting said cell or
cell population with an amount of TGF-β/IL-21 modula-
tors, e.g., TGF-β/IL-21 agonists or antagonists, sufficient
to modulate the activity or level of IL-17 in said cell or cell
population.
[0015] For example, the migration activity of TH17 cells
can be inhibited by U75-302, an antagonist of the TH17-
specific leukotriene B4. Similarly, the migration activity
of TH17 cells can be inhibited by podoplanin.
[0016] Also provided are compositions, methods, and
kits for identifying TH17 cells, and for diagnosing and/or
monitoring TH17-associated autoimmune diseases. The
present invention identifies a surface molecule specifi-
cally up-regulated in TH17 cells, wherein said molecule
is podoplanin.
[0017] Additionally.described is the use of TGF-β and
IL-21 or agonists thereof for increasing the differentiation
of human TH17 cells from a population of naïve CD4+ T
cells.
[0018] Further described is the use of antagonists of
TGF-β and IL-21 to inhibit the differentiation of a T cell
or T cell population into a TH17 cell or TH17 cell popu-
lation.
[0019] Also described is the use of TGF-β and IL-21
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or agonists thereof to increase the expression, activity,
secretion or processing of IL-17 in a T cell or T cell pop-
ulation.
[0020] Further described is the use of antagonists of
TGF-β and IL-21 to decrease the expression, activity,
secretion or processing of IL-17 in a T cell or T cell pop-
ulation.
[0021] Also described is the use of an antagonist of
TGF-β and an antagonist of IL-21 in the preparation of a
medicament for the treatment of a disorder involving or
mediated by TH17 cell activity.

DESCRIPTION OF THE DRAWINGS

[0022] In the following drawings only Figures 5, 6 and
10 to 12 directly relate to the embodiments of the inven-
tion.
[0023] Figures 1a to 1c present data showing that TGF-
β and IL-21 promote TH17 differentiation from naive
CD4+ T cells. Figure 1a shows CD4+ T cells obtained
from the peripheral blood of healthy subjects, sorted into
populations enriched for naive (CD4+ CD25- CD62L+

CD45RAhi) or central memory (TCM) (CD4+ CD25-

CD62L+ CD45RA-) T helper cells.
[0024] Figure 1b shows sorted T cell populations that
were stimulated for seven days in the presence of the
indicated cytokines, at which point supernatants were
collected and assessed for IFN-γ and IL-17A by ELISA.
Error bars represent the standard deviation among three
independent experiments using T cells from three unre-
lated subjects. Induction of IL-17A secretion by a com-
bination of TGF-β and IL-21 is highly significant (p<0.01).
[0025] Figure 1c shows naïve CD4+ T cells stimulated
in the presence or absence of TGF-β and IL-21 for seven
days, at which point cells were washed, stimulated for
five hours with PMA/ionomycin, and stained for intracel-
lular expression of IL-17 and IFN-γ. Comparable results
have been obtained in five unrelated donors.
[0026] Figures 2a to 2c demonstrate that TGF-β and
IL-21 induces RORC2 in naïve CD4+ T cells. Figure 2a
shows naive CD4+ T cells obtained from the peripheral
blood of healthy subjects stimulated for seven days in
the presence of the indicated cytokines, at which point
RNA was collected and levels of RORC2, Tbet, GATA-
3, IL-23R, and FoxP3 were measured by quantitative RT-
PCR. The mean fold-induction (relative to T cells stimu-
lated in the absence of exogenous cytokines) and stand-
ard error among three independent experiments using T
cells from three unrelated subjects are represented.
[0027] Figure 2b shows a mean fold-induction and
standard error of IL-21 and IL-22 for three independent
experiments.
[0028] Figure 2c shows CD4+ T cells obtained from
cord blood sorted into a population enriched for naive
(CD4+ CD25- CD62L+ CD45RAhi) T helper cells. Sorted
T cells were stimulated for seven days in the presence
of the indicated cytokines, at which point RNA was col-
lected and levels of IL-17A and RORC2 were measured

by quantitative RT-PCR. Mean expression and standard
error are reported based on three independent experi-
ments using cord blood from three distinct donors.
[0029] Figure 2d reflects intracytoplasmic staining of
IL-17 and IFN-γ from cord blood naive T cells after seven
days of differentiation. Similar results were seen in an-
other independent assay.
[0030] Figure 3 presents data demonstrating that LTB4
induces the selective chemotaxis of TH17 cells. TH17 or
TH1 cells alone or together with different concentrations
of LTB4 inhibitor, U75-302, were added to the upper wells
of chemotaxis chambers with 10-8M of LTB4 in the lower
wells. Cells were kept at 37°C in 10% CO2 for 2 hr. Cells
from the lower chamber were then stained with anti-CD4
antibody and stimulated for 4 hr with PMA/ionomycin in
the presence of Golgi Stop. Cells were permeabilized
and stained intracellularly for IL-17 or IFN- γ. The chem-
otactic index was calculated by dividing the number of
CD4+ IL-17+ (for TH17 cells) or CD4+ IFN-γ+ (for TH1
cells) migrated cells in LTB4-containing wells by the
number of CD4+ IL-17+ (for TH17 cells) or CD4+ IFN-γ+
(for Th1 cells) cells that migrated spontaneously to media
alone.
[0031] Figure 4 shows the clinical course of autoim-
mune encephalomyelitis (EAE) in wild type and BLT1
knock-out (BLT1 KO) mice immunized with myelin anti-
gen MOG35-55 for the development of EAE. BLT1 KO
and C57BL/6 wild type mice were immunized with
MOG35-55 and pertussis toxin. Mice were scored ac-
cording to an EAE scale from 0 to 5. The graph represents
the clinical course of EAE over time.
[0032] Figure 5 shows an EAE course in C57BL/6 mice
treated with anti-podoplanin antibody or control PBS.
C57BL/6 mice were immunized with MOG35-55 plus per-
tussis toxin and injected with PBS or 100 mg of anti-po-
doplanin antibody on day 0, 2, 4, 6, 8 post-immunization.
The graph represents the mean EAE clinical score for
each group (n = 6 mice in each group) over time.
[0033] Figure 6 is a heat map of gene expression pro-
filing from naïve CD4+ T cells activated in the presence
of no cytokine, IL-6, TGF-β, and TGF-β plus IL-6 (TH17
cells). Naïve CD4+ T cells from C57BL/6 mice were stim-
ulated with anti-CD3 and anti-CD28 antibodies in the
presence of the different cytokines indicated. mRNA was
from these different populations was prepared after three
days and gene expression profiling was performed with
Affymetrix® chips (Santa Clara, CA).
[0034] Figure 7 shows the relative expression of BLT1
in naïve CD4+ T cells stimulated in the presence of dif-
ferent cytokines. Naïve CD4+ T cells from C57B1/6 mice
were stimulated with anti-CD3 and anti-CD28 in the pres-
ence of different cytokines. IL-17 and BLT1 mRNAs rel-
ative expression was determined by real time PCR, with
specific primers and probes after three days of in vitro
culture.
[0035] Figure 8 shows the expression of BLT1 on CD4+

human T cells stimulated in the presence of either no
cytokine, or IL-21 plus TGF-β to induce human TH17
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cells.
[0036] Figure 9 is a bar graph indicating the BLT1 and
IL-17 expression in TH subsets. Naive CD4+ T cells were
stimulated with anti-CD3 and anti-CD28 in the presence
ofIL-12 and anti-IL-4 for TH1 cells, IL-4 and anti-IFN-γ for
TH2 cells and IL-6 and TGF-β for TH17.
[0037] Figure 10 presents data on the relative expres-
sion of IL-17 and podoplanin in CD4+ T cells stimulated
in the presence of different cytokines.
[0038] Figure 11 shows the surface expression of po-
doplanin on different TH cell subsets.
[0039] Figure 12 demonstrates IL-17 and podoplanin
expression on macrophages and microglia from the CNS
during the course of EAE. C57BL/6 mice were immunized
with MOG35-55 and pertussis toxin. When mice were
paralyzed, at the peak of the disease, the CNS was col-
lected and single cell suspensions were prepared. Mac-
rophages (CD11b+, CD45RBhi) and microglial cells
(CD11b+, CD45RBlow) were sorted by flow cytometry.
mRNA from these two populations was prepared and the
expression of IL-17 and podoplanin determined by real
time PCR using specific primers and probes.

DETAILED DESCRIPTION

[0040] It should be understood that this invention is not
limited to the particular methodology, protocols, and re-
agents, etc., described herein and as such may vary. The
terminology used herein is for the purpose of describing
particular embodiments only, and is not intended to limit
the scope of the present invention, which is defined solely
by the claims.
[0041] As used herein and in the claims, the singular
forms include the plural reference and vice versa unless
the context clearly indicates otherwise. Other than in the
operating examples, or where otherwise indicated, all
numbers expressing quantities of ingredients or reaction
conditions used herein should be understood as modified
in all instances by the term "about."
[0042] All patents and other publications identified are
for the purpose of describing and disclosing, for example,
the methodologies described in such publications that
might be used in connection with the present invention.
These publications are provided solely for their disclo-
sure prior to the filing date of the present application.
Nothing in this regard should be construed as an admis-
sion that the inventors are not entitled to antedate such
disclosure by virtue of prior invention or for any other
reason. All statements as to the date or representation
as to the contents of these documents is based on the
information available to the applicants and does not con-
stitute any admission as to the correctness of the dates
or contents of these documents.
[0043] Unless defined otherwise, all technical and sci-
entific terms used herein have the same meaning as
those commonly understood to one of ordinary skill in
the art to which this invention pertains. Although any
known methods, devices, and materials may be used in

the practice or testing of the invention, the methods, de-
vices, and materials in this regard are described herein.
[0044] CD4+ T helper cells (TH cells) of the adaptive
immunity system have evolved to protect host against
specific pathogens. TH cells have been divided into three
subsets depending on both the cytokines that they pro-
duce and the effector functions that they accomplish.
These TH cell subsets are designated TH1, TH2, and
TH17 cells. Recently, TH17 cells have emerged as potent
inducers of inflammation and autoimmune diseases. The
mechanisms used by TH17 cells to accomplish their
pathogenic functions remain elusive, driving the need for
further understanding into the differentiation, character-
ization, and function of human TH17 cells.
[0045] Described are conditions required for human
TH17 cell differentiation, and compositions and methods
useful in modulating human TH17 cell differentiation and
functionality.
[0046] The recent discovery of CD4+ T cells charac-
terized by secretion of IL-17 (TH17 cells) and the regu-
latory, FoxP3+ CD4 T cell (nTREG) have had a major
impact on the understanding of immune processes that
are not readily explained by the traditional TH1/TH2 par-
adigm. Kikly et al., 18 Curr. Opin. Immunol. 670-75
(2006); Wilson et al., 8 Nature Immuno. 950-57 (2007).
Recent work demonstrated that TGF-β and IL-6 are re-
sponsible for the differentiation of naïve murine T cells
into TH17 cells, and it has been proposed that IL-23 may
play a critical role in stabilization of the TH17 phenotype.
Bettelli et al., 441 Nature 235-58 (2006); Mangan et al.,
441 Nature 231-34 (2006); Veldhoen et al., 24 Immunity
179-89 (2006). It has also been discovered that a second
pathway in which a combination of TGF-β and IL-21 is
capable of inducing differentiation of murine TH17 cells
in the absence of IL-6. Korn et al., 448 Nature 484-87
(2007); Nurieva et al., 448 Nature 480-83 (2007); Zhou
et al., 8 Nature Immunol. 967-74 (2007).
 [0047] TGF- β and IL- 6 are not, however, capable of
differentiating human TH17 cells. Wilson et al., 2007;
Acosta- Rodriguez et al, 8 Nature Immunol. 942- 49
(2007) . It has been suggested that TGF- β may, in fact,
suppress the generation of human TH17 cells. Evans et
al., 104 P.N.A.S. 17034- 39 (2007) . Instead, it has re-
cently been shown that the cytokines IL- 1β, IL- 6, and
IL- 23 are capable of driving IL- 17 secretion in short-
term CD4+ T cell lines isolated from human peripheral
blood (Laurence & Shea, 8 Nature Immunol. 903- 05
(2007) ) , though the factors required for differentiation
of naive human CD4 to TH17 cells remained unknown
until now. It is herein explained that although IL- 1β and
IL- 6 induce IL- 17A secretion from human central mem-
ory CD4+ T cells, TGF- β and IL- 21 uniquely promote
the differentiation of human naïve CD4+ T cells into TH17
cells, accompanied by expression of RORC2. This will
now facilitate the investigation of the role played by the
population of TH17 cells in human inflammatory disease.
[0048] Better understanding of the regulation of IL-17A
secretion from human CD4+ T cells required a strategy
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that would allow the evaluation of the effects of various
cytokine combinations on expansion of IL-17-expressing
cells from memory T cells, versus differentiation of naive
CD4 lymphocytes into TH17 cells. Specifically, high-
speed flow cytometry was used to sort these two distinct
populations of CD4+ T cells from the peripheral blood of
healthy subjects: CD4+ CD25- CD62L+ CD45RAhi cells
highly enriched for naïve T cells and CD4+ CD25- CD62L+

CD45RA- cells enriched for central memory T cells (TCM)
(Figure 1a). The cells enriched for a naive phenotype
were uniformly positive for CCR7 expression. These two
T cell populations were then stimulated with plate-bound
anti-CD3 and soluble anti-CD28 monoclonal antibodies
for seven days in serum-free medium containing different
combinations of cytokines implicated in CD4+ T cell dif-
ferentiation. As previously reported, the cytokine inter-
leukin-1β induced the greatest amount of IL-17A secre-
tion from TCM (Figure 1b). The addition of IL-6 alone had
little effect on induction of IL-17A, and when added with
IL-1β had no additive or synergistic effect on IL-17A pro-
duction. Addition of IL-23 was also able to modestly en-
hance IL-17A secretion from TCM. IL-1β either alone or
together with IL-6 failed, however, to induce IL-17A se-
cretion from naïve CD4+ T cells.
[0049] In marked contrast, a combination of TGF-β and
IL-21 was uniquely able to induce TH17 differentiation.
Whereas IL-21, IL-1β, or IL-6 induced significant
amounts of IFN-β secretion from naive T cells, the addi-
tion of TGF-β with IL-21 suppressed IFN-β secretion and
induced differentiation of TH17 cells. Intracytoplasmic
staining demonstrated, in agreement with ELISA results,
that the combination of TGF-β and IL-21 differentiated
CD4+ T cells that secreted only IL-17A and no IFN-β (Fig-
ure 1c). When starting with FACS-isolated naïve CD4+

T cells, between 10%-15% of CD4+ T cells secrete IL-
17A after just seven days of differentiation.
[0050] In the murine model, TH17 differentiation coin-
cides with expression of murine RORγt, a transcription
factor critical for the differentiation of murine IL-17-se-
creting T cells. RORC2 is the human homologue of
murine RORγt, thus, quantitative RT-PCR was used to
evaluate mRNA levels of RORC2 and other molecules
implicated in TH17 differentiation. The combination of
TGF-β and IL-21 induced high levels of RORC2 (Figure
2a), consistent with their ability to induce IL-17A secretion
from naïve human CD4+ T cells. It was of particular in-
terest that the combination of TGF-β and IL-6 that induces
TH17 differentiation in murine T cells also induced ex-
pression of RORC2 in naive human CD4 cells. As this
combination of cytokines did not, however, induce IL-17A
secretion, these data indicate that expression of RORC2
in humans is not in itself sufficient to induce IL-17 pro-
duction and another as yet unidentified transcription fac-
tor in combination with RORC2 may be required to induce
IL-17A-secreting TH17 cells.
[0051] Additional transcription factors implicated in
TH1 and TH2 cell differentiation were also examined: T-
bet is the master regulator for IFN-γ secreting TH1 cells,

and GATA-3 induces IL-4 secreting TH2 cells. mRNA
expression levels of T-bet were highly concordant with
amounts of IFN-γ secretion and were consistent with find-
ings that although TGF-β and IL-21 induce TH17 cell dif-
ferentiation with RORC2 expression, TGF-β suppresses
the induction of T-bet by IL-21. Similarly, there was no
induction of GATA-3 with TGF-β and IL-21. The cytokines
IL-6, IL-21 and IL-1β, but not TGF-β, induced IL-23 re-
ceptor up-regulation in stimulated naive CD4+ T cells.
The expression of the Treg transcription factor FoxP3
was also examined. As has been previously reported in
both murine and human systems, FoxP3 was induced
by TGF-β. This induction of FoxP3 was inhibited by both
IL-6 and to a greater extent IL-21, transcription factors
that induce RORC2. Thus, although the induction of
RORC2 and FoxP3 transcription factors was highly sim-
ilar between murine and human naïve CD4 cells, the in-
duction of IL-17A by IL-6 in combination with TGF-β is
discordant between the species.
[0052] It was shown previously that IL-21 secreted by
murine CD4+ T cells can induce the secretion of IL-21 in
an autocrine loop. Kom et al., 2007; Nurieva et al., 2007;
Zhou et al., 2007; Weo et al., 282 J. Biol. Chem. 34605-10
(2007). Thus, whether human IL-21 induced IL-21 secre-
tion from naive CD4+ T cells was evaluated, as were the
effects of a combination of TGF-β with IL-21 and IL-1β,
given the ability of these cytokines to induce IL-17 from
naive and central memory CD4+ T cells. Consistent with
results observed in mice, IL-21 significantly up-regulated
IL-21, though IL-1β induced even greater amounts of IL-
21 mRNA (Figure 2b). In contrast to what has been ob-
served in mice, however, IL-21 also induced IL-22 mRNA
levels in naïve CD4+ T cells in the absence of any exog-
enous IL-23. TGF-β, in contrast, suppressed the expres-
sion of IL-21 and IL-22 mRNA induced by IL-21 (Figure
2b). These data further highlight differences between the
CD4+ T cells of mice and men: although IL-21 induces
IL-21 and IL-22, the T cell differentiation to TH17 cells
with TGF-β inhibits the expression of these cytokines.
[0053] The unique function of TGF-β and IL-21 in the
differentiation of TH17 cells from naïve human CD4+ T
cells was confirmed by sorting CD4+ CD25- CD62L+

CD45RAhi cells from human cord blood. A higher pro-
portion of CD4 cells in the cord blood exhibited this naïve
phenotype relative to peripheral blood obtained from
healthy adult subjects. Although it was difficult to detect
IL-17A secretion from stimulated naïve cord blood T cells,
TGF-β and IL-21 induced the up-regulation of IL-17A and
RORC2 mRNA (Figure 2c). Additionally, although IL-21
alone modestly induced RORC2, only TGF-β and IL-21
were able to induce IL-17A mRNA. These data further
indicate that TGF-β and IL-21 are critical in the differen-
tiation of both human and murine TH17 cells.
[0054] This document refines and extends the under-
standing of the regulation of IL-17A secretion from human
CD4+ T cells, and defines the conditions required for hu-
man TH17 cell differentiation. IL-1β together with IL-6 or
IL-23 can induce IL-17A secretion, but these cytokines
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induce IL-17A expression from human memory CD4+ T
cells and not from human naïve CD4+ T cells. TGF-β and
IL-21, in combination, is required for the differentiation
of TH17 cells from human naïve T cells.
[0055] The explanation for disparate results reported
previously in the literature may be due to either the failure
to obtain sufficiently pure naïve T cells using magnetic
bead isolation, or use of medium containing human se-
rum which is known to contain substantial amounts of
both IL-6 and TGF-β (Wilson et al., 2007), and the use
of neutralizing antibodies against both IFN-β and IL-4 in
addition to the cytokines listed above. Acosta-Rodriguez
et al., 2007.
[0056] The present work suggests that the IL-1β and
IL-6 induced during the early stages of an inflammatory
response may act on memory T cells to promote IL-17
and IL-21 secretion, with induced IL-21 able to synergize
with TGF-β to promote differentiation of TH17 cells from
naïve CD4+ T cells. The general immunosuppressive
properties of TGF-β may be responsible for suppression
of IFN-γ induced by IL-21 or IL-6. Nevertheless, the sim-
ple lack of IFN-y is not sufficient to promote TH17 differ-
entiation from naive CD4+ T cells as TH17 differentiation
was not achieved with a combination of TGF- β and IL-
6 when IFN-γ secretion was well-suppressed. A wide
range of doses of TGF-β were examined, ranging from
1ng/ml to 100ng/ml, and, indeed, at high doses of TGF-
β all differentiation/proliferation was suppressed. The
FACS sorted naive CD4+ T cells from both adult and cord
blood, had little to no detectable FoxP3 expression.
Moreover, IL-21 alone does not induce human TH17 dif-
ferentiation, which requires the presence of TGF-β. Thus,
these data indicate that IL-21 does not promote TH17
differentiation simply by suppressing TREG activity. Fur-
ther, although it is possible that T cells may produce suf-
ficient amounts of TGF-β to synergize with IL-21 to pro-
mote TH17 differentiation, the naïve CD4+ T cells repre-
sented herein did not produce sufficient amounts, as the
addition of IL-21 alone was unable to synergize with en-
dogenous levels of TGF-β to promote IL-17 secretion.
[0057] Ultimately, the experimental approach simulta-
neously comparing both naïve and memory cell popula-
tions in response to cytokine combinations allows the
more definitive statements about the cell populations that
respond to particular cytokines, as examined by others:
that IL- 1β and IL- 6 induce IL- 17 secretion from memory
CD4+ T cells, and that TGF- β and IL- 21 induce the dif-
ferentiation ofIL- 17- secreting CD4+ T cells from naive
CD4+ T cells. This now allows for the characterization of
human inflammatory TH17 responses associated with
infection and autoimmune diseases.
[0058] Thus, described herein are methods and com-
positions for modulating TH17 cell differentiation and ac-
tivity. The methods and compositions, e.g., agonists or
antagonists of TGF- β and IL- 21, described herein are
useful in treating (e.g., curing, ameliorating, delaying or
preventing the onset of, or preventing recurrence or re-
lapse of) , or preventing immune- associated ailments

such as asthma, allergy, rheumatoid arthritis, multiple
sclerosis, lupus, type I diabetes, Crohn’s disease, pso-
riasis, myasthenia gravis, or other autoimmune disorders
associated with TH17 differentiation.
[0059] One method, not of the invention, includes con-
tacting a human T cell or human T cell population with
TGF-β and IL-21 agonists in amount sufficient to induce
differentiation of the T cell or T cell population into a TH17
cell or a TH17 cell population. Hence, a method of in-
creasing TH17 cell activity and/or TH17 cell number is
provided. For example, TH17 cell activity and/or cell
number can be increased by increasing differentiation
(e.g., differentiation of a naïve T cell) into a TH17 cell.
The method includes (optionally) identifying a cell (a T
cell), or a cell population, where increased differentiation
is desired, and contacting said cell or cell population with
a TGF-β/IL-21 agonists in an amount sufficient to in-
crease differentiation into TH17 cells, thereby increasing
TH17 cell activity and/or cell number.
[0060] In a related method, not of the invention, the
contacting step is carried out ex vivo, in vitro, or in vivo.
In some methods, not of the invention, the contacting
step is performed using mammalian or human cells, or
performed in a patient such as a human patient. For ex-
ample, immune cells, e.g., T cells as described herein,
can be cultured in vitro in culture medium and the con-
tacting step can be effected by adding one or more TGF-
β/IL- 21 modulators (TGF- β/IL- 21 agonists or antago-
nists) , to the culture medium. Alternatively, the method
is performed on cells (such as immune or T cells) present
in a subject as part of an in vivo (e.g., therapeutic or
prophylactic) protocol.
[0061] The TGF-β agonist can be a TGF-β polypeptide,
a human TGF-β polypeptide, or an active fragment there-
of (e.g., a recombinant human TGF-β polypeptide or its
encoding nucleic acid). The TGF-β agonist may be a fu-
sion protein comprising an TGF-β polypeptide, e.g., hu-
man TGF-β polypeptide, or a fragment thereof fused to
another polypeptide, e.g., an immunoglobulin polypep-
tide or a portion thereof (e.g., a Fc region of an immu-
noglobulin polypeptide); an agonist antibody to the TGF-
β receptor TGF-βR); or a small molecule agonist. Human
recombinant TGF-βs are available commercially (e.g.,
from Bioclone, Inc., San Diego, CA, and R&D Systems,
Minneapolis, MN). Reconstitution and transphosphoryla-
tion of recombinant TGF-βR complexes has also been
reported. Ventura et al., 13(23) EMBO J. 5581-89 (1994).
TGF-β expression may also be up-regulated using other
cytokines, such as TNF-α. Sullivan et al., AJRCMB (Jan.
14, 2005).
[0062] The IL-21 agonist can be an IL-21 polypeptide,
a human IL-21 polypeptide, or an active fragment thereof
(e.g., a recombinant human IL-21 polypeptide or its en-
coding nucleic acid). The IL-21 agonist may be a fusion
protein comprising an IL-21 polypeptide, e.g., human IL-
21 polypeptide, or a fragment thereof fused to another
polypeptide, e. g. , an immunoglobulin polypeptide or a
portion thereof (e.g., a Fc region of an immunoglobulin
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polypeptide); an agonist antibody to the IL-21 receptor
IL-21R); or a small molecule agonist. Recombinant hu-
man IL-21 is available commercially, e.g., from Prospec
Protein Specialists (Rehovot, Israel). Additionally, the nu-
cleotide sequence and amino acid sequence of a human
IL-21 is available at Genbank Acc. No. X_011082. Murine
IL-21 polypeptides and nucleic acids encoding such
polypeptides are exemplified in WO/2004/007682. In oth-
er embodiments, the IL-21 agonist is an agent that in-
creases the activity or level of IL-21 by, e.g., increasing
expression, processing and/or secretion of functional IL-
21.
[0063] Also described is a method for inhibiting precur-
sor T cell or T cell population differentiation into a TH17
cell or TH17 cell population. The method includes con-
tacting the T cell or T cell population with an antagonist
of a TGF-β and IL-21, or a TGF-βR and IL-21R, in
amounts sufficient to inhibit TH17 cell differentiation. The
TGF-β antagonist which does not form part of the inven-
tion may be, for example, an anti-TGF-βR antibody, an
antigen-binding fragment of an anti-TGF-βR antibody, or
a soluble fragment of an TGF-βR. The IL-21 antagonist
which does not form part of the invention may be, for
example, an anti-IL21R antibody, an antigen-binding
fragment of an anti-IL21R antibody, or a soluble fragment
of an IL-21R. Expression of TGF-β and IL-21 or their re-
ceptor genes may be suppress by RNA interference with,
e.g., dsRNA, ssRNA, siRNA, miRNA, artificial derivatives
of the forgoing, and the like.
[0064] TGF- β and IL- 21 antagonists that inhibit a TGF-
β/IL- 21 mediated T helper cell effect, an agent that blocks
or otherwise inhibits the interaction of TGF- β to a TGF-
βR or IL- 21 to an IL- 21R can be added to a T cell or a
population ofT cells. These antagonists include, e.g., sol-
uble fragments of TGF- β or IL- 21 polypeptide, TGF- βR
or IL- 21R fragments, fusion proteins containing these
fragments, and antibodies to these fragments.
[0065] Antibodies include all such classes, subclasses
and types of human antibody species. For example, an-
tibodies to TGF-β or TGF-βR polypeptides also include
antibodies to fusion proteins containing TGF-β or TGF-
βR polypeptides or fragments of TGF-β or TGF-βR
polypeptides. Similarly, antibodies to IL-21 or IL-21R
polypeptides also include antibodies to fusion proteins
containing IL-21 or IL-21R polypeptides or fragments of
IL- 21 or IL-21R polypeptides.
[0066] More specifically, the TGF-β antagonist can be,
e.g., an antibody (e.g., a monoclonal or single specificity
antibody) to TGF-β or human TGF-β, or a TGF-βR
polypeptide. The antibody may be human, humanized,
chimeric, or in vitro generated antibody to human TGF-
β or human TGF-βR polypeptides. The antagonist may
include a fragment of a TGF-β polypeptide, e.g., a TGF-
β binding domain of a TGF-β polypeptide. Alternatively,
the antagonist includes a fragment of a TGF-βR polypep-
tide, e.g., a TGF-β binding domain of a TGF-βR polypep-
tide. The antagonist may be a fusion protein comprising
the aforesaid TGF-β or TGF-βR polypeptides or frag-

ments thereof fused to a second moiety, e.g., a polypep-
tide (such as an immunoglobulin chain). Anti-TGF-β an-
tibodies are available commercially, e.g., from Invitrogen
Corp. (Carlsbad, CA), as are numerous antibodies tar-
geting proteins involved in TGF-β signaling pathways.
Agents that inhibit endogenous TGF- β include pirfeni-
done (Liu et al., 5 Am. J. Transplantation, 1266-63 (2005),
or other compounds such as those described in U.S. Pat-
ent No. 7,314,939. Agents that inhibit TGB-beta signal-
ing, include Halofuginone (Figueiro-Ponts et al., 92(2)
Haematologica 177 (2007)), Genistein, and curcumin
(Santibanez et al., 37(1) Nutrition & Cancer, 49-54
(2000)).
[0067] Additional TGF-β Superfamily modulators in-
clude Amnionless NCAM-1/CD56, BAMBI/NMA Noggin,
BMP-1/PCP NOMO, Caronte PRDC, Cerberus 1 SKI,
Chordin Smad1, Chordin-Like 1 Smad2, Chordin-Like 2
Smad3, COCO Smad4, CRIM1 Smad5, Cripto Smad7,
Crossveinless-2 Smad8, Cryptic SOST/Sclerostin, DAN
Latent TGF-β bp1, Decorin Latent TGF-β bp2, Dermat-
opontin Latent TGF-β bp4, FLRG TMEFF1/Tomoregulin-
1, Follistatin TMEFF2, Follistatin-like 1 TSG, GASP-
1/WFIKKNRP TSK, GASP-2/WFIKKN Vasorin, Gremlin,
from R&D Systems (Minneapolis, MN).
[0068] The IL-21 antagonist can be, e.g., an antibody
(e.g., a monoclonal or single specificity antibody) to IL-
21 or human IL-21, or an IL-21R polypeptide. The anti-
body may be human, humanized, chimeric, or in vitro
generated antibody to human IL-21 or human IL-21R
polypeptides. The antagonist may include a fragment of
an IL-21 polypeptide, e.g., an IL-21R binding domain of
an IL-21 polypeptide. Alternatively, the antagonist in-
cludes a fragment of an IL-21R polypeptide, e.g., an IL-
21 binding domain of an IL-21R polypeptide. The antag-
onist may be a fusion protein comprising the aforesaid
IL-21 or Il-21R polypeptides or fragments thereof fused
to a second moiety, e.g., a polypeptide (such as an im-
munoglobulin chain).
[0069] For example, IL-21 modulators available com-
mercially include human IL-21R, recombinant human IL-
21 R/Fc chimera, human IL-21R Allophycocyanin MAb,
human IL-21R Biotinylated PAb, human IL-21R MAb, and
human IL-21R Phycoerythrin MAb, from R&D Systems
(Minneapolis, MN). Other agents may serve as antago-
nists of IL-21 gene expression. For example, cy-
closporine inhibits the IL-21 promoter. Kim et al., 280 (26)
J. Biol. Chem. (2005). Other IL-21 antagonists are re-
ported in U.S. Patent No. 7,186,805 and No. 6,929,932,
relating to IL-21 mutants that bind IL-21R.
[0070] Also described is a method for modulating, e.g.,
increasing, or reducing or inhibiting, the activity or level
of cytokines, such as IFN-γ or IL-17, in human a T cell or
human T cell population. For example, a method for mod-
ulating one or more of: IL-17 activity, expression, secre-
tion, or processing, in a T cell or a TH17 cell, or a cell
population thereof, is provided. The method includes:
(optionally) identifying a cell in which modulation (in-
crease or reduction) of the activity or level of IL-17 is
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desired; and contacting said cell or cell population with
an amount of TGF-β/IL-21 modulators, e.g., TGF-β/IL-21
agonists or antagonists, sufficient to modulate the activity
or level of IL-17 in said cell or cell population. As noted,
the contacting step may be carried out ex vivo, in vitro,
or in vivo. For example, the contacting step may be per-
formed using human cells, or performed in a human pa-
tient.
[0071] Notably, the TGF- β/IL- 21 modulators dis-
cussed herein may specifically inhibit IL- 17 levels or ac-
tivity, but may also reduce or inhibit the activity or level
of other cytokines associated with IL- 17 expression or
Th17 functionality. For example, the TGF- β/IL- 21 ago-
nists inhibit production of IFN- γ by an IFN- γ- producing
cell such as a TH1 cell.
[0072] The TGF-β polypeptide or TGF-βR polypeptide
moiety may be variant TGF-β or TGF-βR polypeptide
having mutations in the naturally-occurring TGF-β or
TGF-βR sequence (wild type) that results in an TGF-β or
TGF-βR sequence more resistant to proteolysis (relative
to the non-mutated sequence). Likewise, the IL-21
polypeptide or IL-21R polypeptide moiety may be a var-
iant IL-21 or IL-21R polypeptide having mutations in the
naturally-occurring IL-21 or IL-21R sequence (wild type)
that results in an IL-21 or IL-21R sequence more resistant
to proteolysis (relative to the non-mutated sequence).
[0073] TGF- β, TGF- βR, IL- 21 and IL- 21R, or active
fragments of these proteins, can be fused to carrier mol-
ecules such as immunoglobulins for use in the herein
described methods. For example, soluble forms of the
receptor may be fused through "linker" sequences to the
Fc portion of an immunoglobulin or to the Fc portion of
the immunoglobulin. Other fusions proteins, such as
those with glutathione S- transferase (GST) , LexA, or
maltose binding protein (MBP) , may also be used.
[0074] The TGF-β, TGF-βR, IL-21 or IL-21R fusion pro-
tein may be linked to one or more additional moieties.
For example, the fusion protein may additionally be linked
to a GST fusion protein in which the fusion protein se-
quences are fused to the C-terminus of the GST sequenc-
es. Such fusion proteins can facilitate the purification of
the TGF-β, TGF-βR, IL-21 or IL-21R fusion proteins.
[0075] The fusion protein may include a heterologous
signal sequence (i.e., a polypeptide sequence that is not
present in a polypeptide naturally encoded by TGF-β,
TGF-βR, IL-21 or IL-21R nucleic acid) at its N-terminus.
For example, the native signal sequence can be removed
and replaced with a signal sequence from another pro-
tein.
[0076] A chimeric or fusion protein of the invention can
be produced by standard recombinant DNA techniques.
For example, DNA fragments coding for the different
polypeptide sequences are ligated together in-frame in
accordance with conventional techniques, e. g., by em-
ploying blunt-ended or stagger-ended termini for ligation,
restriction enzyme digestion to provide for appropriate
termini, filling-in of cohesive ends as appropriate, alkaline
phosphatase treatment to avoid undesirable joining, and

enzymatic ligation. The fusion gene can be synthesized
by conventional techniques including automated DNA
synthesizers.
[0077] As noted, the methods described herein may
be used on cells, e.g., T cells, in vitro or ex vivo. Alter-
natively, the method can be performed on cells present
in a subject as part of an in vivo (e.g., therapeutic or
prophylactic) protocol. For example, the method can be
used to treat or prevent a TH17-mediated disorder in a
subject. Accordingly described is a method of treating
(e.g., curing, suppressing, ameliorating, delaying or pre-
venting the onset of, or preventing recurrence or relapse
of) or preventing a TH17-associated disorder in a subject.
The method includes administering to a subject a TGF-
β/IL-21 antagonists in an amount sufficient to inhibit or
reduce TH17 cell activity and/or cell number, thereby
treating or preventing a TH17-associated disorder.
[0078] The subject is a mammal, such as a human suf-
fering from a disorder associated with aberrant TH17 cell
number or activity, e.g., an immune disorder. The amount
sufficient to inhibit or reduce the TH17 cell activity and/or
TH17 cell number is an amount sufficient to ameliorate
or prevent said disorder.
[0079] The TGF- β/IL- 21 modulators, more particularly
the chemical agents or compounds that serve as agonists
or antagonists, include pro- drugs. The term "pro- drug"
refers to any compound which releases an active parent
drug in vivo when such pro- drug is administered to a
mammalian subject. Pro- drugs of a compound are typ-
ically prepared by modifying one or more functional group
(s) present in the compound in such a way that the mod-
ification (s) may be cleaved in vivo to release the parent
compound. Examples of pro- drugs include, but are not
limited to, esters (e.g., acetate, formate, and benzoate
derivatives) and carbamates (e.g., N, N- dimethylamino-
carbonyl) of hydroxy functional groups, and amides, car-
bamates and urea derivatives of amino functional groups,
and the like. Pro- drug forms often offer advantages of
solubility, tissue compatibility, or delayed release in the
mammalian organism. See Bundgard, DESIGN OF
PRODRUGS, 7- 9, 21- 24 (Elsevier, Amsterdam, 1985)
; Silverman, ORGANIC CHEM. OF DRUG DESIGN &
DRUG ACTION, 352- 401 (Academic Press, San Diego,
CA) . Moreover, the prodrug derivatives of the invention
may be combined with other features known to one skilled
in the art to enhance bioavailability.
[0080] The TGF-β/IL-21 modulators described herein
can be conveniently provided in pharmaceutical compo-
sitions. The compositions may be suitable for internal
use and include an effective amount of the pharmaco-
logically active compounds of the invention, alone or in
combination, with one or more pharmaceutically accept-
able carriers. The compounds are especially useful in
that they have very low, if any toxicity. In practice, the
compounds or their pharmaceutically acceptable salts,
are administered in amounts which will be sufficient to
effect the desired change, such as an increase or de-
crease TH17 cell differentiation, and are used in the phar-
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maceutical form most suitable for such purposes.
[0081] For pharmaceutical use, the proteins described
herein are formulated for parenteral, particularly intrave-
nous or subcutaneous, delivery according to convention-
al methods. The bioactive polypeptide or antibody con-
jugates described herein can be delivered intravenously,
intraarterially or intraductally, or may be introduced lo-
cally at the intended site of action. Intravenous adminis-
tration will be by bolus injection or infusion over a typical
period of one to several hours. In general, pharmaceuti-
cal formulations will include a IL-21 protein in combina-
tion with a pharmaceutically acceptable vehicle, such as
saline, buffered saline, 5% dextrose in water or the like.
Formulations may further include one or more excipients,
preservatives, solubilizers, buffering agents, albumin to
prevent protein loss on vial surfaces, etc. Methods of
formulation are well known in the art and are disclosed,
for example, in REMINGTON: SCI. & PRACTICE OF
PHARMACY (Gennaro, ed., Mack Pub. Co., Easton, PA,
19th ed., 1995). Therapeutic doses may generally be in
the range of 0.1mg/kg to 100mg/kg of patient weight per
day, such as 0.5 mg/kg -20 mg/kg per day, with the exact
dose determined by the clinician according to accepted
standards, taking into account the nature and severity of
the condition to be treated, patient traits, etc. Determina-
tion of dose is within the level of ordinary skill in the art.
The proteins may be administered for acute treatment,
over one week or less, often over a period of one to three
days or may be used in chronic treatment, over several
months or years. In general, a therapeutically effective
amount of the TGF-β/IL-21 modulators is an amount suf-
ficient to produce a clinically significant change in hemat-
opoietic or immune function
[0082] For instance, for oral administration in the form
of a tablet or capsule (e.g., a gelatin capsule), the active
drug component can be combined with an oral, non-toxic
pharmaceutically acceptable inert carrier such as etha-
nol, glycerol, water and the like. Moreover, when desired
or necessary, suitable binders, lubricants, disintegrating
agents and coloring agents can also be incorporated into
the mixture. Suitable binders include starch, magnesium
aluminum silicate, starch paste, gelatin, methylcellulose,
sodium carboxymethylcellulose and/or polyvinylpyrro-
lidone, natural sugars such as glucose or beta-lactose,
corn sweeteners, natural and synthetic gums such as
acacia, tragacanth or sodium alginate, polyethylene gly-
col, waxes and the like. Lubricants used in these dosage
forms include sodium oleate, sodium stearate, magnesi-
um stearate, sodium benzoate, sodium acetate, sodium
chloride, silica, talcum, stearic acid, its magnesium or
calcium salt and/or polyethyleneglycol and the like. Dis-
integrators include, without limitation, starch, methyl cel-
lulose, agar, bentonite, xanthan gum starches, agar, al-
ginic acid or its sodium salt, or effervescent mixtures, and
the like. Diluents, include, e.g., lactose, dextrose, su-
crose, mannitol, sorbitol, cellulose and/or glycine.
[0083] Injectable compositions are preferably aqueous
isotonic solutions or suspensions, and suppositories are

advantageously prepared from fatty emulsions or sus-
pensions. The compositions may be sterilized and/or
contain adjuvants, such as preserving, stabilizing, wet-
ting or emulsifying agents, solution promoters, salts for
regulating the osmotic pressure and/or buffers. In addi-
tion, they may also contain other therapeutically valuable
substances. The compositions are prepared according
to conventional mixing, granulating or coating methods,
respectively, and contain about 0.1% to 75%, such as
about 1% to 50%, of the active ingredient. More specifi-
cally, any of the pharmaceutical compositions discussed
herein may contain 0.1% to 99%, such as 1% to 70% of
the TGF- β/IL- 21, TGF- βR/IL- 21R, TGF- β/IL- 21 ago-
nists, or TGF- β/IL- 21 antagonists.
[0084] The compounds of the invention can also be
administered in such oral dosage forms as timed release
and sustained release tablets or capsules, pills, powders,
granules, elixers, tinctures, suspensions, syrups and
emulsions.
[0085] Liquid, particularly injectable compositions can,
for example, be prepared by dissolving, dispersing, etc.
The active compound is dissolved in or mixed with a phar-
maceutically pure solvent such as, for example, water,
saline, aqueous dextrose, glycerol, ethanol, and the like,
to thereby form the injectable solution or suspension. Ad-
ditionally, solid forms suitable for dissolving in liquid prior
to injection can be formulated. Injectable compositions
are preferably aqueous isotonic solutions or suspen-
sions. The compositions may be sterilized and/or contain
adjuvants, such as preserving, stabilizing, wetting or
emulsifying agents, solution promoters, salts for regulat-
ing the osmotic pressure and/or buffers. In addition, they
may also contain other therapeutically valuable sub-
stances.
[0086] The compounds of the invention can be admin-
istered in intravenous (both bolus and infusion), intraperi-
toneal, subcutaneous or intramuscular form, all using
forms well known to those of ordinary skill in the phar-
maceutical arts. Injectables can be prepared in conven-
tional forms, either as liquid solutions or suspensions.
[0087] Parenteral injectable administration is generally
used for subcutaneous, intramuscular or intravenous in-
jections and infusions. Additionally, one approach for
parenteral administration employs the implantation of a
slow-release or sustained-released systems, which as-
sures that a constant level of dosage is maintained, ac-
cording to U. S. Patent No. 3,710,795.
[0088] Furthermore, compounds for the invention can
be administered in intranasal form via topical use of suit-
able intranasal vehicles, or via transdermal routes, using
those forms of transdermal skin patches well known to
those of ordinary skill in that art. To be administered in
the form of a transdermal delivery system, the dosage
administration will, of course, be continuous rather than
intermittent throughout the dosage regimen. Other pre-
ferred topical preparations include creams, ointments,
lotions, aerosol sprays and gels, wherein the concentra-
tion of active ingredient would range from 0.1% to 15%,
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w/w or w/v.
[0089] For solid compositions, excipients include phar-
maceutical grades of mannitol, lactose, starch, magne-
sium stearate, sodium saccharin, talcum, cellulose, glu-
cose, sucrose, magnesium carbonate, and the like may
be used. The active compound defined above, may be
also formulated as suppositories using for example, poly-
alkylene glycols, for example, propylene glycol, as the
carrier. In some embodiments, suppositories are advan-
tageously prepared from fatty emulsions or suspensions.
[0090] The compounds of the invention can also be
administered in the form of liposome delivery systems,
such as small unilamellar vesicles, large unilamellar ves-
icles and multilamellar vesicles. Liposomes can be
formed from a variety ofphospholipids, containing cho-
lesterol, stearylamine or phosphatidylcholines. In some
embodiments, a film of lipid components is hydrated with
an aqueous solution of drug to a form lipid layer encap-
sulating the drug, as described in U. S. Patent No.
5,262,564.
[0091] Compounds of the invention may also be deliv-
ered by the use of monoclonal antibodies as individual
carriers to which the compound molecules are coupled.
The compounds of the invention may also be coupled
with soluble polymers as targetable drug carriers. Such
polymers can include polyvinylpyrrolidone, pyran copol-
ymer, polyhydroxypropyl- methacrylamide- phenol, pol-
yhydroxyethylaspanamidephenol, or polyethyleneoxide-
polylysine substituted with palmitoyl residues. Further-
more, the compounds of the invention may be coupled
to a class of biodegradable polymers useful in achieving
controlled release of a drug, for example, polylactic acid,
polyepsilon caprolactone, polyhydroxy butyric acid, poly-
orthoesters, polyacetals, polydihydropyrans, polycy-
anoacrylates and cross- linked or amphipathic block co-
polymers of hydrogels.
[0092] Alternatively, where the complete gene delivery
vector can be produced intact from recombinant cells,
e.g., retroviral vectors, the pharmaceutical preparation
can include one or more cells that produce the gene de-
livery system.
[0093] If desired, the pharmaceutical composition to
be administered may also contain minor amounts of non-
toxic auxiliary substances such as wetting or emulsifying
agents, pH buffering agents, and other substances such
as for example, sodium acetate, triethanolamine oleate,
etc.
[0094] The dosage regimen utilizing the compounds is
selected in accordance with a variety of factors including
type, species, age, weight, sex and medical condition of
the patient; the severity of the condition to be treated; the
route of administration; the renal and hepatic function of
the patient; and the particular compound or salt thereof
employed. An ordinarily skilled physician or veterinarian
can readily determine and prescribe the effective amount
of the drug required to prevent, counter or arrest the
progress of the condition.
[0095] Oral dosages of the invention, when used for

the indicated effects, will range between about 0.05
mg/day to 1000 mg/day orally. Effective plasma levels of
the compounds of the invention range from 0.002 mg to
50 mg per kg of body weight per day. Compounds of the
invention may be administered in a single daily dose, or
the total daily dosage may be administered in divided
doses of two, three or four times daily.
[0096] Also described is a method for modulating the
activity of a TH17 cell or TH17 cell population comprising
contacting said cell or cell population with an amount of
TH17 activity modulator sufficient to modulate the activity
of a TH17 cell or TH17 cell population. For example, the
migration activity of TH17 cells may be inhibited by
U75-302, an antagonist of the TH17-specific leukotriene
B4. Similarly, the migration activity of TH17 cells may be
inhibited by podoplanin. Such TH17-activity-specific
modulators may be formulated according to the foregoing
discussions for use in vitro and in vivo.
[0097] The present invention provides for the identifi-
cation of TH17 cells via cell surface molecules that are
specifically up-regulated in TH17 cells. More specifically,
expression profiling comparing naive T cells differentiat-
ed into TH17 cells with T cells cultured in the presence
of either IL-6 alone or TGF-β alone identified genes ex-
pressed specifically in TH17 cells (differentiated in the
presence of TGF-β plus IL-6) but not in naïve T cells
activated in the presence of IL-6, TGF-β, or no cytokines.
Consistent with published literature, IL-17A and the tran-
scription factors RORγt and RORα were up-regulated in
TH17 cells compared to cells cultured in other conditions.
Ivanov et al., 126 Cell 1121-33 (2006); Yang et al., Im-
munity (2007). Two surface molecules: BLT1 (LTB4R1)
(the receptor for the leukotriene B4), and podoplanin are
specifically up-regulated in TH17 cells (Figure 6).
[0098] Using the markers of the present invention,
TH17 cells may be identified in a sample. The "sample"
or "biological sample" may be any biological material tak-
en either directly from a subject human being (or animal),
or after culturing (enrichment). Biological material may
include expectorations of any kind, broncheolavages,
blood, skin tissue, biopsies, semen, lymphocyte blood
culture material, colonies, liquid cultures, faecal samples,
urine, etc. Biological material may also include cell cul-
tures or the liquid phase thereof. The term "biological
sample" generally refers to any biological sample (tissue
or fluid) containing TH17 cells, and includes blood serum
or plasma samples.
[0099] The sample may be collected from a subject,
which refers to an individual regardless of health and/or
disease status. A subject can be a patient, a study par-
ticipant, a control subject, a screening subject, or any
other class of individual from whom a sample is obtained
and assessed in the context of the invention. A subject
can be diagnosed with a disease, can present with one
or more symptom of a disease, or a predisposing factor,
such as a family (genetic) or medical history (medical)
factor, for a disease. Alternatively, a subject can be
healthy with respect to any of the aforementioned factors
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or criteria, although the term "healthy" is relative to a
specified disease, or disease factor, or disease criterion,
and can not be defined to correspond to any absolute
evaluation or status. Thus, an individual defined as
healthy with reference to any specified disease or dis-
ease criterion, can in fact be diagnosed with any other
one or more disease, or exhibit any other one or more
disease criterion.
 [0100] Additionally, although the discussion of the in-
vention focuses on, and is exemplified using human and
murine cells and markers, the particular markers may be
applicable to other non- human animals and have use in
research and veterinary practice.
[0101] The TH17 cell-specific markers of the present
invention can be identified by antibodies. Such antibodies
can include, but are not limited to polyclonal antibodies,
monoclonal antibodies (mAbs), humanized or chimeric
antibodies, single chain antibodies, Fab fragments, F
(ab’)2 fragments, fragments produced by a Fab expres-
sion library, anti-idiotypic (anti-Id) antibodies, and
epitope-binding fragments of any of the above. Such an-
tibodies can be used, for example, in the detection TH17
markers in a biological sample, or, alternatively, as a
modulator to TH17 functionality as described herein.
Thus, such antibodies can be utilized as part of autoim-
mune or other disease treatment methods, and/or can
be used as part of diagnostic techniques whereby pa-
tients may be tested for abnormal levels of TH17-specific
markers.
[0102] A number of protocols for carrying out immu-
noassays are known, which can, for example, be based
upon competition, or direct reaction, or sandwich assays.
Protocols can use solid supports or immunoprecipitation.
Immunoassays generally involve the use of labeled an-
tibody or polypeptide. The labels can be, for example,
fluorescent, chemiluminescent, radioactive, or dye mol-
ecules. A particular aspect of the invention provides for
molecules capable of recognizing podoplanin, attached
to a substrate.
[0103] The markers of the present invention can also
be identified by assessing their expression via nucleic
acid molecules. Numerous methods for obtaining ex-
pression data are known, and any one or more of these
techniques, singly or in combination, are suitable for de-
termining expression profiles in the context of the present
invention. For example, expression patterns can be eval-
uated by northern analysis, PCR, RT-PCR, Taq Man
analysis, FRET detection, monitoring one or more mo-
lecular beacons, hybridization to an oligonucleotide ar-
ray, hybridization to a cDNA array, hybridization to a poly-
nucleotide array, hybridization to a liquid microarray, hy-
bridization to a microelectric array, cDNA sequencing,
clone hybridization, cDNA fragment fingerprinting, serial
analysis of gene expression (SAGE), subtractive hybrid-
ization, differential display and/or differential screening.
See, e.g., Lockhart & Winzeler 405 Nature 827-36
(2000); U.S. Patent No. 6,905,827.
[0104] Also described is a kit for the identification of

TH17 cells. Typically, a kit contains one or more probes,
such as antibodies or diagnostic nucleotides. The probe
can exist as part of a diagnostic nucleotide probe set, or
other subset of a candidate library, (e.g., as a cDNA,
oligonucleotide, or antibody microarray or reagents for
performing an assay on a diagnostic gene set using any
expression profiling technology), packaged in a suitable
container. The kit can further comprise, one or more ad-
ditional reagents, e.g., substrates, labels, primers, for la-
beling expression products, tubes and/or other accesso-
ries, reagents for collecting blood samples, buffers, e.g.,
erythrocyte lysis buffer, leukocyte lysis buffer, hybridiza-
tion chambers, cover slips, etc., as well as a software
package, e.g., including the statistical methods of the in-
vention, e.g., as described above, and a password and/or
account number for accessing the compiled database.
The kit optionally further comprises an instruction set or
user manual detailing preferred methods of using the di-
agnostic probes in the methods of the invention.
[0105] The methods and kits for identifying TH17 cells
can be used to identify or determine (qualitatively or
quantitatively) if a subject (e.g., and patient or individual)
has TH17 cells. In some instances, TH17 cells may be
associated with an autoimmune disorder. An autoim-
mune disorder is defined as a disease state in which a
patient’s immune system recognizes an antigen in that
patient’s organs or tissues as foreign and becomes ac-
tivated. The activated immune cells can then cause dam-
age to the inciting organ or tissue or can damage other
organs or tissues. In some cases, the disorder may be
caused by a dysregulation of the immune system cells,
rather than by the recognition as a self-antigen as foreign.
Dysregulated immune cells can secrete inflammatory cy-
tokines that cause systemic inflammation or they can rec-
ognize self-antigens as foreign.
[0106] Examples of autoimmune diseases include au-
toimmune hepatitis, multiple sclerosis, myasthenia
gravis, Type I diabetes, rheumatoid arthritis, psoriasis,
systemic lupus erythematosis, Hashimoto’s thyroiditis,
Grave’s disease, ankylosing spondylitis Sjogrens dis-
ease, CREST syndrome, and scleroderma. Most of the
autoimmune diseases are also chronic inflammatory dis-
eases. This is defined as a disease process associated
with long-term (>6 months) activation of inflammatory
cells (leukocytes). The chronic inflammation leads to
damage of patient organs or tissues. Many diseases are
chronic inflammatory disorders, but are not know to have
an autoimmune basis. Examples include atherosclero-
sis, congestive heart failure, Crohn’s disease, ulcerative
colitis, polyarteritis nodosa, Whipple’s Disease, and pri-
mary sclerosing cholangitis.
[0107] The identification of TH17 cells can be useful in
monitoring individuals with autoimmune disorders. Mon-
itoring describes the observation of TH17 cell markers
to provide useful information about an individual or an
individual’s health or disease status. "Monitoring" can in-
clude determination of prognosis, risk-stratification, se-
lection of drug therapy, assessment of ongoing drug ther-
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apy, prediction of outcomes, determining response to
therapy, diagnosis of a disease or disease complication,
following progression of a disease or providing any infor-
mation relating to a patients health status.
[0108] Further regarding rheumatoid arthritis (RA), the
TH17-specific cell surface molecules of the present in-
vention can be used in the diagnosis and monitoring of
RA. RA effects about two million patients in the U.S. and
is a chronic and debilitating inflammatory arthritis, par-
ticularly involving pain and destruction of the joints. RA
often goes undiagnosed because patients may have no
pain, but the disease is actively destroying the joint. Other
patients are known to have RA, and are treated to alle-
viate symptoms, but the rate of progression of joint de-
struction is not monitored easily. Drug therapy is availa-
ble, but the most effective medicines are toxic (e.g., ster-
oids, methotrexate) and should be used with caution. A
new class of medications, TNF blockers, is effective, but
the drugs are expensive, have side effects, and not all
patients respond.
[0109] RA disease criteria correspond to disease
symptoms (e.g., joint pain, joint swelling and joint stiff-
ness and any of the American College for Rheumatology
criteria for the diagnosis of RA, see Arnett et al., 31 Arthr.
Rheum. 315-24 (1988), progression of joint destruction
(e.g., as measured by serial hand radiographs, assess-
ment of joint function and mobility), surgery, need for
medication, additional diagnoses of inflammatory and
non-inflammatory conditions, and clinical laboratory
measurements including complete blood counts with dif-
ferentials, CRP, ESR, ANA, Serum IL6, Soluble CD40
ligand, LDL, HDL, Anti-DNA antibodies, rheumatoid fac-
tor, C3, C4, serum creatinine, death, hospitalization, and
disability due to joint destruction. In addition, or alterna-
tively, disease criteria correspond to response to drug
therapy and presence or absence of side-effects or
measures of improvement exemplified by the American
College of Rheumatology "20%" and "50%" response/
improvement rates. See Felson et al., 38 Arthr. Rheum.
531-37 (1995). The TH17 markers of the instant invention
identify, monitor, and predict disease progression includ-
ing flaring (acute worsening of disease accompanied by
joint pain or other symptoms), response to drug treatment
and likelihood of side-effects.
[0110] In conclusion, TH17 cells are potent inducers
of inflammation and autoimmune diseases. TH17 cells
are found in the target organs of many autoimmune dis-
eases. Until the present invention, however, the absence
of known markers on surface of these cells has not al-
lowed the detection and isolation of live TH17 cells from
tissues and therefore the characterization of their effector
function during autoimmune diseases. The identification
of molecules such as BLT1 and podoplanin, specifically
expressed on the surface of TH17 cells, will greatly aid
basic research regarding these cells, and diagnosis of
TH17-associated illness such as multiple sclerosis, pso-
riasis, rheumatoid arthritis and Crohn’s disease.
[0111] The following examples illustrate various meth-

ods for compositions in the treatment method of the in-
vention. The examples are intended to illustrate, but in
no way limit, the scope of the invention.

EXAMPLES

[0112] In the following, Example 2 and Example 4 do
not relate to an embodiment of the invention. Example 1
TH17 Differentiation, materials and methods
 [0113] Cell sorting: PBMCs were obtained from the
peripheral blood of healthy subjects or from cord blood
(AllCells) in compliance with institutional IRB protocols.
CD4+ T cells were subsequently isolated by negative
selection using magnetic beads (Miltenyi Biotech Inc.,
Auburn, CA) . Naïve (CD25- CD62L+ CD45RAhi) and cen-
tral memory (CD25- CD62L+ CD45RA-) CD4+ T cells
were obtained by staining with the following antibodies:
CD62L- FITC, CD4- PerCP, CD45RA- PE- Cy7, CD25-
APC- Cy7 (BD Pharmingen, San Diego, CA) and were
sorted on a FACS Aria (BD Biosciences, Palo Alto, CA) .
[0114] Differentiation assays: Naïve or central memory
CD4+ T cells were stimulated with plate- bound anti- CD3
and soluble CD28 monoclonal antibodies (1mg/ml, each)
in serum- free X- VIVO15 medium (Biowhittaker Inc.,
Walkersville, MD) and cytokines (IL- 6, 25ng/ml; TGF- β,
5ng/ml; IL- 1β, 12.5ng/ml; IL- 21, 25ng/ml; IL- 23,
25ng/ml) for a period of seven days, at which point su-
pernatants were collected and tested by ELISA for IFN-
β (BD Biosciences) or IL- 17A (eBioscience, San Diego,
CA) using paired antibodies. Intracytoplasmic staining
was performed using standard methodologies and anti-
IL- 17- APC (R&D Systems, Minneapolis, MN) and anti-
IFN- β- PE (BD Biosciences) antibodies.
[0115] Real- time PCR: All primers and probes were
obtained from Applied Biosystems (Foster City, CA) , and
used according to standard methodologies.
[0116] Antibodies: Antibodies recognizing podoplanin
are available commercially from, for example, Abcam Inc.
(Cambridge, MA) and Santa Cruz Biotechnology, Inc.
(Santa Cruz, CA) . Antibodies to LTB4R1 are available
commercially from, for example, Sigma- Aldrich (St. Lou-
is, MO) and R&D Systems (Minneapolis, MN) . The anti-
BLT1 (LTB4R1) : FITC conjugated mAb (202/7B1) was
obtained from AbD Serotec (Raleigh, NC) . See Peters-
son, et al. (2000) 279 Biochem. Biophys. Res. Commun.
520- 25 (2000) . The anti- podoplanin antibody used in
FACS staining was Rat monoclonal 8F11 obtained from
MBL International (Woburn, MA) . See Watanabe et al.,
48 Cancer Res. 6411- 16 (1988) . The anti- podoplanin
antibody used for in vivo injection was designated 8.1.1.,
obtained from Studies Hybridoma Bank, University of Io-
wa (Iowa City, IA) . See Farr et al., J. Histochem. & Cy-
tochem. (1992) ; Farr et al., J. Exp. Med. (1992) .

Analogous Example 2. BLT1 expression is specifically 
up-regulated in TH17 cells

[0117] Leukotriene B4 (LTB4), a degradation product
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of arachidonic acid and a potent lipid inflammatory me-
diator generated rapidly at the site of inflammation, is
derived from membrane phospholipids by the sequential
actions of cytosolic phospholipase A2 (PLA2), 5-lipoxy-
genase (5-LO), and LTA4 hydrolase. Jala & Haribabu,
25 Trends Immunol. 315-22 (2004). LTB4 is a potent che-
moattractant that triggers the adherence and aggrega-
tion of leukocytes to the endothelium and recruits gran-
ulocytes and macrophages to the inflammation site. Re-
cent studies have shown that LTB4 may also function as
a chemoattractant for T cells. Goodarzi et al., 4 Nat. Im-
munol. 965-73 (2003); Tager et al., 4 Nature Immunol.
982-90 (2003); Tager & Luster, 69 Prostaglandins, Lue-
kot. Essential Fatty Acids 123-34 (2003); Medoff et al.,
202 J. Exp. Med. 97-110 (2005); Miyahara et al., 174 J.
Immunol. 4979-85 (2005); Miyahara et al., 172 Am. J.
Critical Care Med. 161-70 (2005).
[0118] Gene expression profiling data showed that
BLT1 is selectively induced by the combination of IL-6
and TGF-β, which also induces IL-17 (Figure 7) and leads
to the generation of TH17 cells. In order to determine
whether the expression of BLT1 could also be observed
in human TH17 cells, naïve CD4+ T cells taken from
healthy donors and activated with anti-CD3 and anti-
CD28 in the presence of a combination of IL-21 and TGF-
β, which induces the differentiation of TH17 cells in hu-
man cells, were analyzed the surface expression of BLT1
with a BLT1-specific antibody. In the absence of TH17-
differentiating cytokines, only 5 % of T cells expressed
the BLT1 (Figure 8). When human CD4 T cells were dif-
ferentiated in the presence of IL-21 plus TGF-β, however,
some of the CD4+ T cells expressed BLT1. This shows
for the first time that that both BLT1 mRNA and protein
are rapidly and specifically expressed on mouse and also
human TH17 cells. It may be noted that this selective
expression on TH17 cells may be restricted to BLT1: the
expression of BLT2 was not observed on TH17 cells but
was observed on TH2 cells.

Example 3. Podoplanin expression is specifically up-reg-
ulated in TH17 cells

[0119] Podoplanin (PDP) is another surface molecule
identified specifically on Th17 cells. Podoplanin is a
transmembrane mucin-containing molecule, which is ex-
pressed on the lymphatic endothelium and tumor cells
under pathogenic conditions22,23. Kaneko et al., 378
Gene, 52-7 (2006); Wicki & Christofori, 96 Br. J. Cancer
96, 1-5 (2007). So far, no expression of PDP has been
described on hematopoetic cells 23. Wicki & Christofori,
2007. This is the first work showing that PDP is expressed
on some T cells and more specifically on differentiating
TH17 cells (Figure 10).
[0120] Importantly, podoplanin constitutes a TH17
specific marker because its expression was not observed
in TH1 or TH2 cells (Figure 11) . Therefore, it provides a
specific marker to isolate and distinguish TH17 cells with
minimal manipulation of T cells.

[0121] In addition to TH17 cells, macrophages
(CD11b+ cells) from the central nervous system (CNS)
of mice with EAE were able to produce IL-17 (Figure 12).
Analysis of the expression of podoplanin on this popula-
tion revealed that it expressed podoplanin as well. In con-
trast, microglial cells, did not express significant levels
of either IL-17 or podoplanin. Therefore, it appears that
podoplanin expression mimics IL-17 expression in both
TH17 cells and macrophages, indicating that podoplanin
expression can allow the tracking of subsets of patho-
genic TH cells (TH17 cells) and also subsets of IL-17-
producing pathogenic macrophages.

Analogous Example 4. BLT1 modulates TH17 function

[0122] Leukotriene B4 (LTB4), a degradation product
of the arachidonic acid and a potent lipid inflammatory
mediator generated rapidly at the site of inflammation, is
derived from membrane phospholipids by the sequential
actions of cytosolic phospholipase A2 (PLA2), 5-lipoxy-
genase (5-LO), and LTA4 hydrolase. Jala & Haribabu,
25 Trends Immunol 315-22 (2004). LTB4 is a potent che-
moattractant that triggers the adherence and aggrega-
tion of leukocytes to the endothelium and recruits gran-
ulocytes and macrophages to the inflammation site. Re-
cent studies have shown that LTB4 may also function as
a chemoattractant for T cells. Goodarzi et al., 4 Nat. Im-
munol. 965-73 (2003); Tager et al., 4 Nature Immunol.
982-90 (2003); Tager & Luster, 69 Prostaglandins, Lue-
kot. Essential Fatty Acids 123-34 (2003); Medoff et al.,
202 J. Exp. Med. 97-110 (2005); Miyahara et al., 174 J.
Immunol. 4979-85 (2005); Miyahara et al., 172 Am. J.
Critical Care Med. 161-70 (2005).
[0123] Because LTB4 is involved in the recruitment of
different cell types at the site of inflammation, whether
the expression of LTB4 could induce the selective migra-
tion of TH17 cells was investigated by manipulating its
receptor, BLT 1. Indeed, LTB4 induced the selective mi-
gration of newly differentiated TH17 cells but not TH1
cells (Figure 3).
[0124] More specifically, two G- protein- coupled sev-
en- membrane- domain receptors for LTB4 have been
identified and characterized. Tager & Luster, 2003. BLT1
(also called LTBR1) is a high affinity receptor specific for
LTB4 and is expressed primarily in leukocytes, whereas
BLT2 (LTBR2) is a low affinity receptor expressed more
ubiquitously. Id. U- 75302, 6- (6- (3R- hydroxy- 1E, 5Z-
undecadien- 1- yl)- 2- pyridinyl)- 1, 5S- hexandiol, is a
synthetic, specifically binds BLT1. Richards et al., 140
Ann. Rev. Respir. Dis. 1712- 16 (1989) . U- 75302 is
available commercially from, e.g., Cayman Chemical
(Ann Arbor, MI) ) . Using U75302 as an antagonist of
LTB4, it was shown that LTB4 induced a selective mi-
gration of Th17 cells, which could be blocked in a dose
dependant manner by the addition of different doses of
the LTB4 antagonist U- 75302 (Figure 3) .
[0125] Additionally, the expression of BLT1 on TH17
cells also modulates the function of Th17 cells in vivo,
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as shown herein. This was determined by testing the ef-
fect of BLT1 ablation on the development of experimental
autoimmune encephalomyelitis (EAE) , an animal model
of multiple sclerosis, in which TH17 cells have been
shown to play an important pathogenic role. To do so,
BLT1 knock- out (BLT1 KO) and wild type mice were
immunized with myelin oligodendrocyte glycoprotein im-
munodominant peptide sequence MOG35- 55 (encepha-
litogenic peptide) and injected with pertussis toxin. Mice
were maintained according to IACUC protocols. The
MOG35- 55/pertussis toxin protocol resulted in the de-
velopment of severe paralysis in wild type animals (Fig-
ure 4) . In contrast, BLT1 KO mice immunized with the
myelin antigen MOGG35- 55 developed less severe dis-
eases compared to the wild type mice, indicating that the
lack of BLT1 decreased the development of EAE. In ad-
dition, BLT1 (LTB4R1) deficient mice were more resistant
to the development of EAE than their wild type littermates.
Together, these data indicate that, in addition to tracking
TH17 cells selectively, BLT1 expression modulates the
functions of TH17 cells in vivo.

Example 5. Podoplanin modulates TH17 function

[0126] Podoplanin was identified as a marker for TH17
cells, and its role in the progression of the animal model
of multiple sclerosis, EAE, explored herein. An anti-po-
doplanin-specific antibody (Farr et al., 176 J. Exp. Med.
1477-82 (1992)), was injected in vivo into mice undergo-
ing EAE. Although mice that received a control antibody
developed severe disease and were paralyzed, the mice
that received the anti-podoplanin specific antibody did
not develop as severe disease, indicating that the anti-
podoplanin antibody inhibited the progression of autoim-
mune disease. Therefore, these data indicate that injec-
tion of anti-podoplanin antibody can be used to block the
pathogenic activity of TH17 cells and possibly IL-17-pro-
ducing macrophages and therefore limit the progression
of autoimmune diseases, as exemplified here using the
animal model of multiple sclerosis, EAE. See Figure 5.
[0127] Podoplanin has previously been shown to play
an important role in the migration and invasiveness of
tumor cells. Wicki & Christophori, 96 Br. J. Cancer, 1-5
(2007). Podoplanin was specifically expressed in Th17
cells and IL-17-producing macrophages. Furthermore,
the injection of an anti-podoplanin antibody decreased
the severity of EAE. Together, these data indicate that
podoplanin can modulate the migration of pathogenic
TH17 cells and possibly IL-17-producing macrophages.
Determining how podoplanin is involved in the migration
of TH17 cells is highly relevant to the treatment of au-
toimmunity, as the neutralization of podoplanin in an au-
toimmune setting could prevent further migration of Th17
cells in the CNS during MS attacks and improve relapsing
remitting disease.

Claims

1. An in vitro method for detecting the presence of TH17
cells in a biological sample comprising detecting po-
doplanin with a probe, wherein the detection of po-
doplanin indicates the presence of TH17 cells in said
biological sample.

2. The method of claim 1, wherein said probe is at-
tached to a solid substrate.

3. The method of claim 2, wherein the solid substrate
is a membrane for carrying out an immunoblot.

4. The method of any previous claim, wherein the probe
for detecting podoplanin comprises an antibody that
binds podoplanin.

5. The method of any previous claim, wherein said bi-
ological sample is selected from the group consisting
of: expectorations, broncheolavages, blood, skin tis-
sue, semen, lymphocyte blood culture material, col-
onies, liquid cultures, faecal samples, urine, cell cul-
tures or the liquid phase thereof, blood serum, plas-
ma samples and biopsies.

6. The method of any previous claim, wherein said
probe is arranged on a cDNA, oligonucleotide or an-
tibody microarray.

7. An in vitro method of diagnosing an autoimmune dis-
ease in a subject, comprising the steps of: (a) de-
tecting podoplanin in a sample obtained from said
subject; and (b) diagnosing the presence or severity
of autoimmune disease in said subject based on the
presence, up-regulation or increased level of podo-
planin.

8. The method of claim 7, wherein said autoimmune
disease is autoimmune hepatitis, multiple sclerosis,
myasthenia gravis, Type I diabetes, rheumatoid ar-
thritis, psoriasis, systemic lupus erythematosis,
Hashimoto’s thyroiditis, Grave’s disease, ankylosing
spondylitis, Sjogrens disease, CREST syndrome, or
scleroderma.

9. A composition comprising an anti-podoplanin anti-
body for use in the treatment of an autoimmune dis-
ease.

10. The composition for use in the method of claim 9,
wherein said autoimmune disease is autoimmune
hepatitis, multiple sclerosis, myasthenia gravis,
Type I diabetes, rheumatoid arthritis, psoriasis, sys-
temic lupus erythematosis, Hashimoto’s thyroiditis,
Grave’s disease, ankylosing spondylitis, Sjogrens
disease, CREST syndrome, or scleroderma.
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Patentansprüche

1. In-vitro-Verfahren zum Nachweis des Vorhanden-
seins von TH17-Zellen in einer biologischen Probe,
umfassend den Nachweis von Podoplanin mit einer
Sonde, wobei der Nachweis von Podoplanin das
Vorhandensein von TH17-Zellen in dieser biologi-
schen Probe angibt.

2. Verfahren nach Anspruch 1, wobei diese Sonde an
ein festes Substrat gebunden ist.

3. Verfahren nach Anspruch 2, wobei das feste Sub-
strat eine Membran zur Durchführung eines Immun-
blots ist.

4. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die Sonde zum Nachweis von Podoplanin
einen Antikörper umfasst, der Podoplanin bindet.

5. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die biologische Probe ausgewählt ist aus
der Gruppe bestehend aus: Auswürfen, Bronchial-
lavage, Blut, Hautgeweben, Sperma, Lymphozyten-
Blutkulturmaterial, Kolonien, flüssige Kulturen,
Stuhlproben, Urin, Zellkulturen oder deren flüssige
Phase, Blutserum, Plasmaproben und Biopsien.

6. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die Sonde auf einem cDNA-, Oligonu-
kleotid- oder Antikörper-Mikroarray angeordnet ist.

7. In-vitro-Verfahren zur Diagnose einer Autoimmun-
erkrankung bei einem Subjekt, wobei das Verfahren
die folgenden Schritte umfasst: (a) Nachweis von
Podoplanin in einer von diesem Subjekt erhaltenen
Probe, und (b) Diagnose des Vorhandenseins oder
der Schwere einer Autoimmunerkrankung bei die-
sem Subjekt, basierend auf dem Vorhandensein, der
Hochregulierung oder einem erhöhten Spiegel von
Podoplanin.

8. Verfahren nach Anspruch 7, wobei die Autoimmun-
erkrankung autoimmune Hepatitis, Multiple Sklero-
se, Myasthenia gravis, Diabetes Typ 1, Rheumatoi-
darthritis, Psoriasis, systemischer Lupus erythema-
todes, Hashimoto-Thyreoiditis, Morbus Basedow,
Spondylitis ankylosans, Sjögrens-Syndrom,
CREST-Syndrom oder Sklerodermie ist.

9. Zusammensetzung umfassend einen anti-Podopla-
nin-Antikörper zur Verwendung bei der Behandlung
einer Autoimmunerkrankung.

10. Zusammensetzung zur Verwendung in dem Verfah-
ren nach Anspruch 9, wobei die Autoimmunerkran-
kung autoimmune Hepatitis, Multiple Sklerose, My-
asthenia gravis, Diabetes Typ 1, Rheumatoidarthri-

tis, Psoriasis, systemischer Lupus erythematodes,
Hashimoto-Thyreoiditis, Morbus Basedow, Spondy-
litis ankylosans, Sjögrens-Syndrom, CREST-Syn-
drom oder Sklerodermie ist.

Revendications

1. Méthode de détection in vitro de la présence de cel-
lules TH17 dans un échantillon biologique qui com-
prend la détection de la podoplanine au moyen d’une
sonde, la détection de la podoplanine étant indica-
trice de la présence de cellules TH17 dans ledit
échantillon biologique.

2. Méthode de la revendication 1, dans laquelle ladite
sonde est rattachée à un substrat solide.

3. Méthode de la revendication 2, dans laquelle le subs-
trat solide est une membrane pour analyse par im-
munoblot.

4. Méthode de l’une quelconque des revendications
précédentes, dans laquelle la sonde de détection de
la podoplanine comprend un anticorps qui se lie à la
podoplanine.

5. Méthode de l’une quelconque des revendications
précédentes, dans laquelle l’échantillon biologique
est sélectionné dans le groupe consistant en les
suivants :

expectorations, liquides de lavage bronchiolai-
re, sang, tissu cutané, sperme, matériel de cul-
ture de lymphocytes sanguins, colonies, cultu-
res liquides, spécimens fécaux, urine, cultures
cellulaires ou phase liquide de celles-ci, sérum
sanguin, échantillons de plasma et biopsies.

6. Méthode de l’une quelconque des revendications
précédentes, dans laquelle ladite sonde est dispo-
sée sur une puce à ADNc, à oligonucléotide ou à
anticorps.

7. Méthode de diagnostic in vitro d’une maladie auto-
immune chez un sujet, qui comprend les étapes de :
(a) détection de la podoplanine dans un échantillon
obtenu chez ledit sujet ; et (b) diagnostic de la pré-
sence ou sévérité d’une maladie auto-immune chez
ledit sujet sur la base de la présence, d’une sur-ré-
gulation ou d’une augmentation des taux de podo-
planine.

8. Méthode de la revendication 7, dans laquelle ladite
maladie auto-immune est une hépatite auto-immu-
ne, la sclérose en plaques, la myasthénie grave, le
diabète de Type I, la polyarthrite rhumatoïde, le pso-
riasis, le lupus érythémateux systémique, la thyroï-
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dite chronique de Hashimoto, la maladie de
Basedow-Graves, la spondylarthrite ankylosante, le
syndrome de Sjögren, le syndrome CREST ou la
sclérodermie.

9. Composition comprenant un anticorps anti-podopla-
nine pour une utilisation dans le traitement d’une ma-
ladie auto-immune.

10. Composition pour une utilisation dans la méthode
de la revendication 9, dans laquelle ladite maladie
auto-immune est une hépatite auto-immune, la sclé-
rose en plaques, la myasthénie grave, le diabète de
Type I, la polyarthrite rhumatoïde, le psoriasis, le lu-
pus érythémateux systémique, la thyroïdite chroni-
que de Hashimoto, la maladie de Basedow-Graves,
la spondylarthrite ankylosante, le syndrome de
Sjögren, le syndrome CREST ou la sclérodermie.
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