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Means and methods for treating and/or preventing natural AHR ligand-dependent
cancer

The present invention relates to the field of cancer therapeutics and treatment of cancer. In
particular, it relates to a method for treating and/or preventing a natural AHR ligand-
dependent cancer comprising administering to a subject suffering from said cancer a
therapeutically effective amount of an AHR inhibitor. Moreover, contemplated is a AHR
inhibitor for use in treating and/or preventing a natural AHR ligand-dependent cancer.

Tumor micro-environment represents a particular challenge in an effective tumor therapy
since it has multiple influences on the malignancy of a tumor (Tennant 2010, Nat Rev Cancer
10, 267).

Tryptophan (Trp) metabolism is an example for the importance of the tumor micro-
environment. Its functional relevance as a pivotal endogenous mechanism for limiting the
immune response has been demonstrated in animal models already (Munn 2007, J Clin Invest
117, 1147).

In particular, the activation of the Trp metabolism correlates with discases and disorders of
the immune system such as tumor immunity, autoimmunity, infectious diseases and
maintenance of the immune privilege (Opitz 2007, Cell Mol Life Sci 64, 2452). Degradation
of Trp by indoleamine-2,3-dioxygenases 1 and 2 (IDO1/2) in tumors and tumor draining
lymph nodes inhibits antitumor immune responses and is associated with a poor prognosis in
various malignancies (Lob 2009, Nat Rev Cancer 9 (6): 445). Inhibition of IDO1/2 suppresses
tumor formation in animal models and is currently tested in phase I/II clinical trials in cancer
patients (Muller 2005, Nat Med 11(3): 312, Uyttenhove 2003, Nat Med 9(10), 1269; DiPuccio
2010, Expert Opin Ther Pat 20, 229; Ball 2007, Gene 396(1), 203; Metz 2007, Cancer Res
67(15), 7082).

Another enzyme known to be involved in the Trp metabolism in neurons and hepatocytes is
the tryptophan 2,3- dioxygenase (TDO) which synthesizes the first step of the Trp degradation
as well (Thackray 2008, Biochem Soc Trans 36, 1120). TDO has also been reported as a
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potential target for tumor drugs (W02010/008427) The relevance of Trp catabolism for

human tumor formation and progression, however, remains elusive.

Kynurenin (Kyn) is a Trp metabolite having immunosupressive functions. However, its
molecular targets and the mechanism how this effect is elicited is not yet understood.
Exogenous Kyn has been reported to, inter alia, activate the Aryl- Hydrocarbon Receptor
(AHR) transcription factor in dendritic cells and T-cells (Mezrich 2010, J Immunol 185, 3190;
Nguyen 2010, Proc Natl. Acad Sci, USA, 107, 19961).

The AHR is a transcription factor of the basic helix-loop-helix (bHLH) Per-Arnt-Sim (PAS)
family, which is activated by xenobiotics such as benzoapyrene and 2,3,7,8-
tetrachlordibenzodioxin (TCDD). In the nucleus the AHR forms a heterodimer with the AHR
nuclear translocator (ARNT) that interacts with the core binding motif of the dioxin-
responsive elements (DRE) located in regulatory regions of AHR target genes (Reyes 1992,
Science 256, 5060; Abel 2010, Biol Chem 391, 1235).

AHR 1is known to be involved into chemical carcinogenesis elicited by, e.g., halogenated
aromatic hydrocarbons. Further, it has been reported that green tea extracts can act as
antagonists of the AHR and, thereby, can prevent the harmful effects of such halogenated
aromatic hydrocarbons (Palermo 2003, Chem Res Toxicol 16, 865). Moreover, constitutive

expression of the AHR gene is known to be involved in cellular survival in glioblastoma cells
(Gramatzki 2009, Oncogene 28, 2593).

In light of the above, the provision of means and methods for effectively treating tumors the
malignancy of which are dependent on metabolic processes such as the Trp catabolism are not
yet available but would be nevertheless highly desirable.

SUMMARY OF THE INVENTION

The present invention relates to a method for treating and/or preventing a natural AHR ligand-
dependent cancer comprising administering to a subject suffering from said cancer a
therapeutically effective amount of an AHR inhibitor.

In a preferred embodiment of the method of the invention, said cancer is selected from the
group consisting of: brain tumors, preferably, glioma, mclanoma, colorectal adénocarcinoma,
colon carcinoma, renal cell carcinoma, NSCLC, breast cancer, hepatocellular carcinoma,
ovarian carcinoma, head and neck carcinoma, bladder cancer, pancreatic adenocarcinoma,
mesothelioma, and SCLC.
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In a preferred embodiment of the method of the invention, said AHR inhibitor is a small

molecule compound.

In a more preferred embodiment of the method of the invention, said small molecule

compound is a plant compound or derivative thereof.

In a more preferred embodiment of the method of the invention, said plant compound or
derivative thercof is a flavone or derivative thereof. Most preferably, said flavone or
derivative  thereof is  3,4-dimethoxyflavone, 3’-methoxy-4 -nitroflavone, 4°,5,7-
Trihydroxyflavone (apigenin), or 1-Methyl-N-[2-methyl-4-[2-(2-
methylphenyl)diazenyl]phenyl-1H-pyrazole-5-carboxamide = (CH223191; CAS number
301326-22-7).

In another more preferred embodiment of the method of the invention, said plant compound
or derivative thereof is reveratrol or a derivative thereof, epigallocatechin or
epigallocatechingallate.

In another preferred embodiment of the method of the invention, said small molecule

compound is a compound characterized by the following general formula (I):

wherein :

)] R' and R? independently of each other are hydrogen or a C, to C); alkyl,

(i)  R’to R" independently from each other are hydrogen, a C; to Cy, alkyl, hydroxyl or a
C, to C;; alkoxy, and

(ii1)  the broken line represents either a double bond or two hydrogens.

In another preferred embodiment of the method of the invention, said AHR inhibitor is an
antibody which specifically binds to and inhibits the AHR protein.
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In another preferred embodiment of the method of the invention, said AHR inhibitor is the
AHR repressor protein or an inactive AHR nuclear translocator (ARNT).

In another preferred embodiment of the method of the invention, said AHR inhibitor is a
nucleic acid inhibitor.

In another more preferred embodiment of the method of the invention, said nucleic acid
repressor specifically binds to an AHR encoding polynucleotide and is selected from the
group consisting of: a ribozyme, an antisense molecule, an inhibitors oligonucleotide, a micro
RNA, and an siRNA.

Moreover, contemplated by the invention is an AHR inhibitor for use in treating and/or
preventing a natural AHR ligand-dependent cancer.

FIGURES

Figure 1 shows that TDO degrades Trp to Kyn in human brain tumors. a, Trp (left) and Kyn
(right) content in the supernatants of human astrocytes (hAs), glioma cell lines and GIC
(T323) cultured for 72 h and measured by HPLC (n=4). b, Correlation between 7DO mRNA
and Kyn release of human glioma cells measured by quantitative RT-PCR and HPLC (n=4).
¢, Kyn concentrations in the supernatants of U87 glioma cells cultured for 48 h in the
presence of the TDO inhibitor 680C91 (black bars) or its solvent (white bars; n=4, P= 0.005,
0.002 and 0.0009 for 1, 5 and 10 uM TDOI, respectively). d, Kyn release of glioma cells after
knockdown of TDO (black bars, P = 0.000007, 0.0007 and 0.00006, respectively), IDOI (dark
gray bars) or IDQO2 (light gray bars) by siRNA (n=3). e, Weak neuronal TDO expression in
healthy brain tissue (upper panel). TDO expression in glioblastoma (WHO grade 1V, lower
panel); red: TDO staining; * necrosis; arrowheads: border to infiltrated brain tissue. Inset:
single tumor cells (arrows) infiltrating the adjacent brain tissue. Magnification: 40x, insets
400x (upper panel), 100x (lower panel). f, Plot of TDO expression [H-score] in brain tumors
of increasing malignancy (WHO grade 1I- IV; grade II, n=18, grade III, n=15, grade IV,
n=35). g, Correlation of the Ki-67 proliferative index with the TDO H-score in gliomas of
different WHO grades (n = 42). h, Trp (left) and Kyn (right) concentrations in the sera of 24
glioblastoma patients and 24 age- and sex-matched healthy controls, measured by HPLC. i,
Quantification of quinolinic acid staining in healthy human brain tissue (white bar, n=5) and
glioblastoma tissuc (black bar, n=5). The data distribution in (f) and (g) is prcsented as box
plots, showing the 25th and 75th percentile together with the median, whiskers represent the
10th and 90th percentile, respectively.
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Figure 2 shows paracrine effects of TDO-mediated Kyn release by glioma cells on immune
cells. a, Correlation of the allogeneic proliferation of PBMC cocultured with different glioma
cell lines with the Kyn release of the glioma cells (n=3). b, Allogeneic proliferation of PBMC
cocultured with TDO-expressing control U87 glioma cells (sh-c) in comparison to U&7
glioma cells with a stable short hairpin RNA-mediated knockdown of TDO (sh-TDO), with or
without 100 uM Kyn (black bars), in comparison to PBMC alone with or without 100 uM
Kyn (white bars, n=3). ¢, Quantification of LCA+ cells (left graph) and CD8+ cells (right
graph) stained in human glioma sections with low TDO expression (H-score < 150, white bar,
n=12 for LCA, n=10 for CD8) and in human glioma sections with high TDO expression
(Hscore > 150, black bar, n=17 for LCA and n=10 for CD8). d, Growth of Tdo-deficient
GL261 murine glioma cells stably transfected with Tdo (solid circles) or empty vector (open
circles) injected s.c. into the flank of C57BL/6N mice was monitored using metric callipers
(n=6). Tumor weight was calculated using the equation: tumor weight (g) = (length (cm)
width (cm)2) % 0.5. e, IFN-y-release of T cells of mice bearing subcutaneous Tdo-expressing
tumors (black bar) in comparison to T cells of mice bearing Tdo-deficient tumors (white bar)
after restimulation with glioma lysates measured by ELISpot (n=3). f, Lysis of GL261 murine
glioma cells by spleen cells of mice with Tdo-expressing GL261 tumors in comparison to
those with a subcutaneous Tdo-deficient GL261 tumors measured by chromium release (n=4).
g, Quantification of the migrated distances of sh-c (open squares) and sh-TDO (solid circles)
cells into a collagen matrix (n=3, P=0.004, 0.0005 and 0.01 for 24, 48 and 72 h, respectively).
h, Clonogenic survival of sh-c (white bar) and sh-7DO (black bar) U87 cells (n=3). i,
Matrigel boyden chamber assay of U87 glioma cells in the absence or presence of 70 uM Trp
without or with 30 uM or 60 uM Kyn (n=3). j, Clonogenic survival of LN-18 glioma cells in
the absence or presence of 70 uM Trp without or with 30 uM or 60 uM Kyn (n=3). Kk,
Representative cranial MRIs, H&E and nestin stainings of CDJ nu/nu mice implanted with
sh-¢ (upper panel) or sh-TDO (lower panel) U87 glioma cells. The images are representative
of two independent experiments (n=6). I, Tumor weight of sh-c (white bars) and sh-TDO
(black bars) U87 glioma cells injected s.c. in the flank of CDI nu/nu mice, that were treated
either with anti-asialo GM1 antibody (ASIALO) for NK cell depletion or control 1gG (IgG)
(n=8).

Figure 3 shows that Kyn activates the AHR. a, Connection of the 25 genes that were most
strongly induced by Kyn treatment in U87 cells after 8'h to AHR signaling (red: upregulation,
green: downregulation). b, Translocation of GFP-tagged AHR into the nucleus of mouse
hepatoma cells, which do not degrade Trp, after 3 h treatment with 50 uM Kyn, 50 uM Trp or
1 nM TCDD (ncg. control: medium). ¢, Ratios of nuclcar to cytoplasmic fluorescent intensity
in cells with GFP-tagged AHR after 3 h of indicated treatment (neg. control: medium, pos.
control: 1 nM TCDD, 50 uM .Kyn). The data distribution is represented by box plots, showing
the 25th and 75th percentile together with the median, whiskers represent the 10th and 90th
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percentile, respectively (P<0.001, one way ANOVA on ranks, followed by Dunns’ method).
d, AHR Western blots of two different nuclear and cytoplasmic fractions each of control
(1,2), Kyn-treated (3,4) and TCDD-treated (5,6) human LN-229 glioma cells. e,
Dioxinresponsive clement (DRE) chemical activated luciferase gene expression in U87
glioma cells treated with indicated Kyn concentrations (n=2). f, Radioligand binding assay
with indicated concentrations of L-3H-Kyn using mouse liver cytosol from AAr-proficient and
Ahr-deficient mice. Specific binding was calculated by subtracting the radioactivity measured
in Ahrdeficient cytosol from that of Ahr-proficient cytosol (n=4) g, CYPIAl mRNA
expression in sh-4HR LN-308 glioma cells (black bars) in comparison to controls (sh-c, white
bars) treated with 100 pM Kyn, 1 nM TCDD or controls (n=4). h, mRNA expression of AHR
target genes in sh-7DO (black bars) in comparison to sh-c U87 glioma cells (white bars, n=4).

Figure 4 shows that the autocrine and paracrine effects of TDO-derived Kyn are mediated via
the AHR a, Immunofluorescence stainings of LCA and TIPARP in human glioma sections
with low or high TDO expression. Magnification: 400x. b, Quantification of LCA+ cells (left)
and CD8+ cells (right) stained in human glioma sections with low AHR expression
(Histoscore < 150, white bar, n=10 for LCA and n=8 for CDS) and in human glioma sections
with high AHR expression (Histoscore > 150, black bar, n=12 for LCA and n=12 for CDS. c,
Tumor weight measured 15 days after s.c. injection of murine GL261 glioma cells with and
without Tdo expression in the flanks of Akr-proficient (white bars) or Ahr-deficient mice
(black bars, n=6). d, Quantification of LCA+ immune cells stained in the subcutaneous Tdo-
proficient and 7dodeficient GL261 tumors in AAr-proficient and AAr-deficient mice presented
as box plots, showing the 25th and 75th percentile and the median (n=4). e, Migration of sh-¢
LN-308 glioma cells (white bars) and LN-308 glioma cells with knockdown of the AHR by
two different shRNAs (sh-4HR1, gray bars and sh-4HR2 black bars) in the presence or
absence of 100 pM Kyn (n=4). f, Clonogenicity of sh-c (white bars) and sh-4HR (black bars)
LN-308 glioma cells with or without 100 uM Kyn (n=3). g, Growth of AHR-proficient (solid
circles) and AHR-deficient (open circles) human LN-308 glioma cells injected s.c. into the
flank of CDInu/nu mice was monitored using metric callipers (n=7). Tumor weight was

calculated using the equation: turhor weight (g) = (length (cm) x width (cm)2) x 0.5.

Figure 5 shows that TDO-derived Kyn activates the AHR in diverse human cancers and AHR
activation predicts survival in glioma patients a, Correlation of TDO expression (red) and
AHR expression (brown) in consecutive sections of human glioblastoma tissue. Arrows
indicate vessels for orientation. Magnification 40x, insets 200x. b, Correlation between TDO
and AHR cxpression in human. glioma tissue bascd on H-scorcs of TDO and AHR, calculated
.using Spearman rank correlation (n=26). ¢, Correlation between TDO and CYPIBI expression
in microarray data of human glioblastoma (n=396) analysed by Spearman rank correlation. d,

‘Correlation between TDO and CYPIBI expression in microarray data of human bladder
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cancer (left, n=58), human lung cancer (middle, n=122) and human ovarian carcinoma (right,
n=91) analysed by Spearman rank correlation. e, Survival probabilities of glioma patients
(WHO grade I1-IV) with high expression (red) of TDO or the AHR compared to patients with
intermediate (bluc) or low (green) expression of these genes derived from Rembrandt. For
statistical analysis see Supplementary note 21. f, Survival probabilities of glioblastoma
patients with high expression (red) of the AHR target gene CYP1BI compared to patients with
low (green) expression of CYPIBI derived from the glioblastoma data set of The Cancer
Genome Atlas (TCGA) network (n=362). g, Synoptical figure highlighting the autocrine and
paracrine effects of TDO-derived Kyn on cancer cells and immune cells via the AHR.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a method for treating and/or preventing natural AHR ligand-
dependent cancer comprising administering to a subject suffering from said cancer a
therapeutically effective amount of an AHR inhibitor.

The term "treating" as used herein refers to any improvement of the cancer that occurs in a
treated subject compared to an untreated subject. Such an improvement can be a prevention of
a worsening or progression of the cancer. Moreover, such an improvement may also be an
amelioration or cure of the cancer or its accompanying symptoms. It will be understood that a
treatment may not be successful for 100% of the subjects to be treated. The term, however,
requires that the treatment is successful for a statistically significant portion of the subjects
(e.g. a cohort in a cohort study). Whether a portion is statistically significant can be
determined without further ado by the person skilled in the art using various well known
statistic evaluation tools, ¢.g., determination of confidence intervals, p-value determination,
Student’s t-test, Mann-Whitney test etc.. Details are found in Dowdy and Wearden, Statistics
for Research, John Wiley & Sons, New York 1983. Preferred confidence intervals are at least
90%, at least 95%, at least 97%, at least 98% or at least 99 %. The p-values are, preferably,
0.05, 0.01, 0.005, or 0.0001.

The term "preventing" as used herein refers to avoiding the onset of cancer as used herein or
its accompanying syndromes. It will be understood that prevention refers to avoiding the
onset of cancer within a certain time window in the future. Said time window shall,
preferably, start upon administration of a compound in the sense of the invention and lasts for
at least 1 month, at least 6 months, at'least 9 months, at least 1 year, at least 2 years, at least 5
years, at least 10 years or even for the remaining physiological life span of a subject. It will be
understood that a prevention may not be successful for 100% of the subjects to be treated. The

term, however, requires that the prevention is successful for a statistically significant portion
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of the subjects (e.g. a cohort in a cohort study). Whether a portion is statistically significant
can be determined without further ado by the person skilled in the art using various well

known statistic evaluation tools discussed also elsewhere herein in detail.

The term "natural AHR ligand-dependent cancer" as used herein refers refers to any
malignant neoplasm which is dependent on the constitutive activation of AHR elicited by a
natural AHR ligand. Preferably, said natural AHR ligand is kynurenin (Kyn). Kynurenin is,
preferably, produced by tryptophan degradation as a consequence of increased expression of
tryptophan degrading enzymes. More preferably, the cancer according to the invention is,
thus, cancer associated with increased tryptophan-2,3-dioxygenase (TDOQO) activity. TDO
activity as referred to herein can be, preferably, assessed by measuring the kynurenin and/or
tryptophan concentrations present in a cancer tissue or cancer cells. Moreover, increased TDO
activity can also be assessed by determining the amount of TDO enzyme or transcripts
encoding said TDO enzyme in a cancer tissue or cancer cells. The amount of TDO enzyme
can be determined by antibody-based techniques, such as ELISA, while the amount of
transcripts can be determined by nucleic acid hybridization techniques, such as Northern
blots, or by nucleic acid amplification techniques, such as RT-PCR. Particular preferred
techniques for determining whether there is increased TDO associated with a cancer are
described in the accompanying Examples, below, or are disclosed in W02010/008427, the
respective disclosure content of which is herewith incorporated by reference. Preferably, said
aforementioned cancer is selected from the group consisting of: brain tumors, preferably,
glioma, melanoma, colorectal adenocarcinoma, colon carcinoma, renal cell carcinoma, non-
small cell lung cancer (NSCLC), breast cancer, hepatocellular carcinoma, ovarian carcinoma,
head and neck carcinoma, bladder cancer, pancreatic adenocarcinoma, mesothelioma, and and
small cell lung cancer (SCLC). Alternatively, and also more preferably, the cancer according
to the invention is, thus, cancer associated with increased indoleamine-2,3-dioxygenase 1 or 2
(IDO1 or 2) activity. Preferred cancers envisaged in this context are well known in the art;
see, e.g., Lob 2009, Nat Rev Cancer 9(6), 445, the respective disclosure content of which is
herewith incorporated by reference.

An "AHR inhibitor" in the sensc of the invention is a compound capable of inhibiting either
directly or indirectly the activity of the Aryl-Hydrocarbon Receptor (AHR) Polypeptide. The
AHR polypeptide as referred to in accordance with the present invention is a member of the
family of basic-helix-loop-helix transcription factors. It is a cytosolic transcription factor that
is normally inactive and present in a complex with several chaperones. Several ligands which
can activate or inhibit AHR have been described already, among them artificial or naturally
.occurring ones. The first ligands to be discovered were synthetic and members of the
halogenated aromatic hydrocarbons (polychlorinated dibenzodioxins, such as 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD), dibenzofurans and biphenyls) and polycyclic aromatic
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hydrocarbons (3-methylcholanthrene, benzo(a)pyrene, benzanthracenes and benzoflavones).
Naturally occurring compounds that have been identified as ligands of AHR include
derivatives of tryptophan such as kynurenin, indigo and indirubin, tetrapyroles such as
bilirubin, arachidonic acid metabolites such as lipoxin A4 and prostaglandin G, modified low-
density lipoprotein, several dietary carotinoids, and 7-ketocholesterol. Upon ligand binding,
the chaperones dissociate resulting in AHR translocating into the nucleus and dimerizing with
ARNT (AHR nuclear translocator). The complex of AHR and ARNT influences gene
transcription.

The AHR polypeptide contains several domains critical for function and is classified as a
member of the basic helix-loop-helix/Per-Arnt-Sim (bHLH/PAS) family of transcription
factors. Its bHLH motif is located in the N-terminal of the protein. The members of the bHLH
superfamily have two functionally distinctive and highly conserved domains. The first is the
basic-region which is involved in the binding of the transcription factor to DNA. The second
is the helix-loop-helix (HLH) region that facilitates protein-protein interactions. AHR further
comprises two PAS domains, PAS-A and PAS-B, which are stretches of 200-350 amino acids
that exhibit a high sequence homology to the protein domains which were found in the
Drosophila genes period (Per) and single-minded (Sim). Moreover, similar domains are
present in ARNT. The PAS domains support specific secondary interactions with other PAS
domain containing proteins, as is the case with and ARNT, so that heterozygous and
homozygous protein complexes can form. The ligand binding site of AHR is contained within
the PAS-B domain and contains several conserved residues critical for ligand binding. In
particular, the amino acids Tyr310, Phe324, His326 and/or Arg352 appear to be involved in
ligand binding. Finally, a Q-rich domain is located in the C-terminal region of the protein and

is involved in co-activator recruitment and transactivation.

Preferably, the AHR polypeptide is human AHR and, more preferably, human AHR encoded
by a polynucleotide as shown under Genbank accession number: NM_001621.4 (GI:
229577137) or has an amino acid sequence as shown under this accession number. Moreover,
in accordance with the present invention, variants of the. AHR polypeptide referred to before
arc cnvisaged. Variants of the aforementioned polynucleotides comprising onc or morc
nucleotide substitutions, deletions and/or additions and, preferably, result in an encoded
amino acid having one or more amino acid substitutions, deletions and/or additions, i.e. a
polypeptide variant according to the invention. A variant polynucleotide shall, preferably,
comprise a nucleic acid sequence being at least 40%, at least 50%, at least 60%, at least 70%,
at lcast 75%, at least 80%, at Icast 85%, at lcast 90%, at Icast 95%, at lcast 98% or at least
99% identical to the specific nucleic acid sequences referred to above. Moreover, a variant
polynucleotide may have, preferably, a nucleic acid sequence which encodes an amino acid
sequence being at least 40%, at least 50%, at least 60%, at least 70%, at least 75%, at least
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80%, at least 85%, at least 90%, at least 95%, at least 98% or at least 99% identical to the
amino acid sequences referred to above. The term "identical” as used herein refers to
sequence identity characterized by determining the number of identical amino acids between
two nucleic acid sequences or amino acid sequences wherein the sequences are aligned so that
the highest order match is obtained. It can be calculated using published techniques or
methods codified in computer programs such as, for example, BLASTP, BLASTN or FASTA
(Altschul 1990, J Mol Biol 215, 403). The percent identity values are, in one aspect,
calculated over the entire amino acid sequence or over at least 50% of the nucleotides of the
longer sequence. A series of programs based on a variety of algorithms is available to the
skilled worker for comparing different sequences. In this context, the algorithms of
Needleman and Wunsch or Smith and Waterman give particularly reliable results. To carry
out the sequence alignments, the program PileUp (Higgins 1989, CABIOS 5, 151) or the
programs Gap and BestFit (Needleman 1970, J Mol Biol 48; 443; Smith 1981, Adv Appl
Math 2, 482), which are part of the GCG software packet (Genetics Computer Group 1991,
575 Science Drive, Madison, Wisconsin, USA 53711), may be used. The sequence identity
values recited above in percent (%) are to be determined, in another aspect of the invention,
using the program GAP over the entire sequence region with the following settings: Gap
Weight: 50, Length Weight: 3, Average Match: 10.000 and Average Mismatch: 0.000, which,
unless otherwise specified, shall always be used as standard settings for sequence alignments.
It will be understood that the aforementioned variants shall still exhibit essentially the same
biological activities specified for AHR above.

A compound which directly inhibits the AHR activity is, preferably, a compound which is
capable of interacting physically with the AHR polypeptide and, thereby, inhibiting its
activity. Such an inhibition may occur if the compound binds to an interaction domain of the
AHR or its ligand binding domain and thereby inhibits the biological function of the AHR as
specified elsewhere herein. Preferably, the inhibitor blocks the ligand binding domain for
kynurenin, i.e. interacts with the ligand binding domain of the PAS-B domain or the ligand
binding domain formed by Tyr310, Phe324, His326 and Arg352 (amino acid positions
corresponding to human AHR). Alternatively, the compound may elicit an allosteric effect on
the AHR polypeptide resulting in an inhibition of the biological function as well. An indirect
inhibition can be elicited by a compound which reduces or prevents the transcription and/or
translation of AHR polypetides and, thus, the amount of available AHR polypeptides in a cell.
The AHR inhibitor shall at least reduce the AHR activity to a statistically significant extent.
Of course, preferably, the inhibitor will reduce the AHR activity below the detectable limits.
Qualitative and/or quantitative inhibition of AHR activity can be mcasured by assays well
known in the art and, preferably, by those disclosed in the accompanying Examples, below.
The activity of AHR can be detected by determining induction of the gene expression of its
endogenous target gene CYP1Al by an ethoxyresorufin-O-decthylase (EROD) assay.



WO 2013/034685 PCT/EP2012/067504
-11 -

Alternatively, activity of AHR can be detected by using a reporter gene assay wherein the
expression of the reporter gene is controlled by a dioxin-responsive element (DRE) dependent
promoter. Particular preferred assays for determining AHR activity are disclosed in the

accompanying Examples in detail.
Preferably, an AHR inhibitor is a small molecule compound.

A "small molecule compound" in the sense of the invention is an organic molecule having a
molecular weight of less than 10 kDa, less than 5 kDa, less than 2 kDa, less than 1 kDa or less
than 500 Da. Preferably, the small molecule is not a polymer. Preferably, a small molecule as
referred to in accordance with the present invention is cell-permeable and can diffuse into the
cytoplasm in order to bind to the AHR polypeptide. Small molecules as referred to herein can
be artificially synthesized and can be comprised in chemical libraries to be screened for
potential AHR inhibitors. Alternatively, the small molecules can be obtained from natural
sources such as tissues, cells or whole organisms by way of extraction. Suitable sources are,
in particular, plants, plant tissue or microorganisms. However, other sources for small
molecule inhibitors for AHR can be envisaged as well. For example, 7-ketocholesterol is
apparently a competitive inhibitor of AHR in humans (Savouret 2001, J. Biol. Chem. 276 (5):
3054-9).

In a preferred embodiment of the method of the invention, said small molecule compound is a
plant compound or derivative thereof.

A "plant compound or derivative thereof" as used herein is a small molecule obtainable by
way of extraction from a plant, plant tissue or plant cell. Usually, small molecule plant
compounds are metabolites such as primary or, particularly preferred, secondary plant
metabolites. In a more preferred embodiment of the method of the invention, said plant
compound or derivative thereof is a flavone or a derivative thereof. Most preferably, said
flavone or derivative hereof is 3,4-dimethoxyflavone, 3 '-methoxy-4 -nitroflavone, 4°,5,7-
Trihydroxyflavone (apigenin) or 1-Methyl-N-[2-methyl-4-[2-(2-methylphenyl)diazenyl]phen
yl-1H-pyrazole-5-carboxamide. In another more preferred embodiment of the method of the
invention, said plant compound or derivative thereof is resveratrol (trans-3,5,4'-

Trihydroxystilbene) or a derivative thereof, epigallocatechin or epigallocatechingallate.

In another preferred embodiment of the method of the invention, wherein said small molecule

compound is a compound charactcrized by the following general formula (I):
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wherein

6] R! and R? independently of each other are hydrogen or a C; to C,; alkyl,

(i)  R’to R'! independently from each other are hydrogen, a C, to Cy, alkyl, hydroxyl or a
Ci to Cy; alkoxy, and

(iii)  the broken line represents either a double bond or two hydrogens.

In particular, more preferred is a compound having any of the following formulas (1) to (V):

MeO l
MeO O

1)

OMe
O O

OMe

(110
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av)

V)

Further more preferred compounds and methods for the manufacture thereof are disclosed in
WO02007/128723, the respective disclosure content of which is herewith incorporated by

reference.

In another preferred embodiment of the method of the invention, said AHR inhibitor is an
antibody which specifically binds to and inhibits the AHR protein.

The term "antibody" as used in this context refers to all kinds of antibodies which specifically
bind to the AHR polypeptide and which inhibit the AHR activity as specified elsewhere
herein. Preferably, such an inhibitory antibody of the invention shall specifically bind to an
epitope within the AHR polypeptide which is located in the ligand binding domain.
Alternatively, an epitope binding of which by the antibody shall inhibit AHR activity may be
located in the DNA binding domain of AHR or in domains responsible for interaction with the
ARNT polypeptide. Suitable domains are discussed elsewhere herein in detail. Preferably, the
antibody of the present invention is a monoclonal antibody, a polyclonal antibody, a single
chain antibody, a chimeric antibody or any fragment or derivative of such antibodies. Such
fragments and derivatives comprised by the term antibody as used herein encompass a
bispecific antibody, a synthetic antibody, an Fab, F(ab); Fv or scFv fragment, or a chemically
modificd dcrivative of any of these antibodics. Specific binding as used in the context of the
antibody of the present invention means that the antibody does not cross react with other
polypeptides. Specific binding can be tested by various well known fechniques.
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Antibodies or fragments thereof, in general, can be obtained by using methods which are
described, e.g., in Harlow and Lane "Antibodies, A Laboratory Manual", CSH Press, Cold
Spring Harbor, 1988. Monoclonal antibodies can be prepared by the techniques which
comprise the fusion of mouse myeloma cells to spleen cells derived from immunized
mammals and, preferably, immunized mice (Kohler 1975, Nature 256, 495, and Galfré 1981,
Meth. Enzymol. 73, 3). Preferably, an immunogenic peptide having the epitope referred to
above is applied to a mammal. Depending on the host species, various adjuvants can be used
to increase the immunological response. Such adjuvants encompass, preferably, Freund’s
adjuvant, mineral gels, e.g., aluminum hydroxide, and surface active substances, e.g.,
lysolecithin, pluronic polyols, polyanions, peptides, oil emulsions, keyhole limpet
hemocyanin, and dinitrophenol.

In another preferred embodiment of the method of the invention, said AHR inhibitor is the
AHR repressor protein or an inactive AHR nuclear translocator (ARNT).

The term "AHR repressor (AHRR)" as used herein refers to a putative tumor supressor gene
that negatively regulates the activity of AHR and the AHR/ARNT complex. Preferably, a
polynucleotide encoding the AHRR polypeptide as well as an amino acid sequence for the
AHRR polypeptide itself as referred to herein are shown in Genbank accession number:
BC151852 (GI: 156229770). Moreover, an AHRR polypeptide in accordance with the present
invention may be a variant of the aforementioned specific polynucleotides or polypeptides.
Variants of the aforementioned polynucleotides comprising one or more nucleotide
substitutions, deletions and/or additions and, preferably, result in an encoded amino acid
having one or more amino acid substitutions, deletions and/or additions, i.e. a polypeptide
variant according to the invention. A variant polynucleotide shall, preferably, comprise a
nucleic acid sequence being at least 40%, at least 50%, at least 60%, at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 98% or at least 99%
identical to the specific nucleic acid sequences referred to above. Moreover, a variant
polynucleotide may have, preferably, a nucleic acid sequence which encodes an amino acid
sequence being at least 40%, at least 50%, at least 60%, at least 70%, at lcast 75%, at least
80%, at least 85%, at least 90%, at least 95%, at least 98% or at least 99% identical to the
amino acid sequences referred to above. How the sequence identity between two given
sequences can be calculated is disclosed elsewhere herein in detail.

As discussed before, inactive versions of the ARNT polypeptide can be designed by the
skilled person without further ado based on the aforementioned specific polynucleotide or
amino acid sequences or the variants thereof. Moreover, these inactive ARNT polypeptides or

polynucleotides éncoding them can be introduced into the cancer cells to be treated by
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methods well known in the art. In particular, gene transfer via viral expression systems is
envisaged in accordance with the present invention as a delivery system for polynucleotides
encoding inactive ARNT. Suitable techniques are well known in the art (see above).

The term "AHR Nuclear Translocator (ARNT)" as used herein refers to a binding protein for
the AHR transcription factor. Details are found elsewhere in this specification already. The
ARNT polypeptide referred to herein as an inhibitor of AHR is a polypeptide which is still
capable of interacting with AHR but which prevents nuclear translocation or which directs the
AHR/ARNT complex to the protein degradation machinery of the cell. How such modified
inhibitory ARNT polypeptides can be designed is well known to the skilled person.
Preferably, a polynucleotide encoding the (unmodified) ARNT polypeptide as referred to
herein is shown in Genbank accession number: NM 001197325.1 (GI: 309747070).
Preferably, said polynucleotide encodes a polypeptide having an amino acid sequence as
shown in Genbank accession number: (protein) NP 001184254.1 (GI: 309747071).
Moreover, an ARNT polypeptide in accordance with the present invention may be a variant of
the aforementioned specific ARNT polynucleotides or polypeptides. Variants of the
aforementioned polynucleotides comprising one or more nucleotide substitutions, deletions
and/or additions and, preferably, result in an encoded amino acid having one or more amino
acid substitutions, deletions and/or additions, i.c. a polypeptide variant according to the
invention. A variant polynucleotide shall, preferably, comprise a nucleic acid sequence being
at least 40%, at least 50%, at least 60%, at least 70%, at least 75%, at least 80%, at least 85%,
at least 90%, at least 95%, at least 98% or at least 99% identical to the specific nucleic acid
sequences referred to above. Moreover, a variant polynucleotide may have, preferably, a
nucleic acid sequence which encodes an amino acid sequence being at least 40%, at least
50%, at least 60%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least
95%, at least 98% or at least 99% identical to the amino acid sequences referred to above.
How the sequence identity between two given sequences can be calculated is disclosed
elsewhere herein in detail.

AHRR polypeptides or polynucleotides encoding them can be introduced into the cancer cells
to be treated by methods well known in the art. In particular, gene transfer via viral expression
systems is envisaged in accordance with the present invention as a delivery system for
polynucleotides encoding inactive ARNT. Suitable techniques are well known in the art and
described, e.g. in Gardlik 2005, Med Sci Monit. 11 (4): RA110-21; Salmons 1993, Hum
Gene Ther. 4 (2): 129-41. |

* In another preferred embodiment of the method of the invention, wherein said AHR inhibitor

is a nucleic acid inhibitor.
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A "nucleic acid inhibitor" as referred to herein is a nucleic acid molecule such as an aptamer
which inhibits either the activity of the AHR polypeptide by binding to the polypeptide in a
similar manner as described for the antibodies above or to a nucleic acid molecule which due
to being complementary to the polynucleotide encoding the AHR polypeptide binds to the
said polynucleotide and inhibits transcription or translation thereof. For example, an
inhibitory nucleic acid may act as a triple-helix forming oligonucleotide by interfering with
proper transcription of the AHR gene. Moreover, an inhibitory nucleic acid may be a
ribozyme which specifically binds and degrades the AHR transcripts. Alternatively, it may be
an antisense, sSiRNA or micro RNA capable of binding to the transcript and degrading it or at
least inhibiting efficient translation thereof. The latter type of inhibitory nucleic acids is
characterized in that they usually comprise a nucleic sequence which is complementary to a
sequence in the AHR transcripts. Such a complementary sequence shall be of sufficient length
and shall comprise a sufficient number of matching nucleotides as to allow for specific
hybridization with the transcript in the cell. Such nucleic acid inhibitors can be expressed in a
cancer cell upon delivery by a gene transfer system as referred to elsewhere herein. The
inhibitory nucleic acids can be expressed, preferably, under an expression control sequence.
Thus, the mediation of RNAI to inhibit expression of the target gene can be modulated byan
expression control sequence which can be regulated by a exogenous stimulus, such as the tet
operator whose activity can be regulated by tetracycline or heat inducible promoters or under
the control of a tumor-specific or tissue-specific promoter. However, the nucleic acid

inhibitors can also be delivered by liposome-based delivery systems.

Thus, in another more preferred embodiment of the method of the invention, said nucleic acid
inhibitor is selected from the group consisting of: a ribozyme, an antisense molecule, an
inhibitory oligonucleotide, an aptamer, a micro RNA, and an siRNA.

A "ribozyme" in accordance with the present invention is a RNA molecule comprising a
sequence complementary to the AHR transcript. Moreover, the ribozyme comprises a nucleic
acid sequence which is capable of eliciting the hydrolysis of the phosphodiester bonds within
the AHR transcript. Ribozymes as referred to in accordance with the preesnt invention can be
so-called hammerhead ribozymes, hairpin ribozymes or VS ribozymes. The ribozyme
technology is well known in the art and a suitable ribozyme can be designed and applied by
the skilled artisan without further ado; see, e.g., Khan 2006, Clin. Chim. Acta 367 (1-2): 20—
27; Kalota 2004, Cancer Biology & Therapy 3:1 4-12.

An "antisense molecule” as used herein refers to a therapeutic antiscnse RNA being
complememtary to the AHR transcript or to a morpholino oligonucleotide capable of binding
the AHR transcript. The antisense tecnology including the application of morpholino
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oligonucleotides is well known in the art; see, e.g., Kalota 2004, Cancer Biology & Therapy
3:1 4-12; Morcos 2007, Biochem Biophys Res Commun 358 (2): 521-7.

Inhibitory oligonucleotides as used herein, preferably, relate to small double stranded DNA
molecules which are either capable of binding to specific regions of a target genomic DNA
whereby gene silencing is achieved (so-called triple helix forming oligonucleotides) or to
oligonucleotides which act as decoys to sequester transcription factor specifically required for
the transcription of a target gene These techniques have also been successfully used in vivo
and also to some extend resulted already in therapeutics. (see also Kalota 2004, Cancer
Biology & Therapy 3:1 4-12.).

The term "aptamer" as used herein refers to nucleic acid aptamers that specifically bind to the
AHR polypeptide. A pool of aptamers can be generated by using, e.g., the Systematic
Evolution of Ligands by Exponential Enrichment (SELEX) technology. The selection step
can be made for those aptamers which apecifically bind to the AHR polypeptide. Among the
specifically binding aptamers, those which either block ligand binding or those which block
interaction domains and are, thus, suitable inhibitors in the sense of the present invention can
be identified. The technology for generating aptamers is well established in the art; see, e.g.,
Tuerk 1990, Science. Aug 3;249(4968):505-510; or Ellington 1990, Nature. Aug
30;346(6287):818-822.

A "microRNA" in the sense of the invention refers to a single stranded RNA molecule which
is at least partially complementary to a nucleic acid sequence comprised by the AHR
transcript. MicroRNAs have usually a length of about 19 to 26 nucleotides. MicroRNAs are
synthesized as a precursor, the so-called pri-microRNA, which comprises a harpin structure
and two complementary self-complementary regions forming the stem of the hairpin. One of
the self-complementary nucleic acid sequences is the microRNA. The pri-microRNA has a
length of about 70 nucleotides and is processed within the target cell into the mature
microRNA. The mature microRNA is capable of down-regulating gene expression by either
affecting translation or stability of the mRNA to be transcribed upon hybridization thereto.
How to design a microRNA and its pri-mictoRNA precursor is well known to the skilled
person. In particular, the self-complementary regions of an endogenous pri-microRNA
molecule are replaced by a pair of self-complementary regions comprising one self-
complementary region being at least partially complementary to the AHR transcript. The
microRNA technology is descried in, ¢.g., Bartel 2009, Cell 136 (2): 215-33, Trang 2008,
Oncogenc 27 Suppl 2: S52-7 or Li 2009, The AAPS journal 11 (4): 747-57.

A "short hairpin RNA (shRNA)" as referred to in accordance with the present invention has a
similar structure as described for pri-microRNAs above. However, the shRNA 1is, usually,
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shorter in length. More preferably, an shRNA as referred to in accordance with the present
invention as an AHR inhibitor is a nucleic acid molecule comprising or essentially consisting
of the nucleic acid sequence as shown in any one of SEQ ID NOs: 1 to 4. The design and
application of shRNAs is well known in the art and described, ¢.g., in Mclntyre 2006, BMC
Biotechnol. 6: 1 or Cao 2005, J Appl Genet. 46 (2): 217-25.

The term "small interfering RNA (siRNA)" refers to a nucleic acid molecule which is a
double stranded RNA agent that is complementary and able to base-pair with a portion of an
AHR transcript. siRNA acts to specifically guide enzymes in the host cell to cleave the target
RNA. By virtue of the specificity of the siRNA sequence and its homology to the RNA target,
siRNA is able to cause cleavage of the target RNA strand, thereby inactivating the target
RNA molecule. Preferably, the siRNA which is sufficient to mediate RNAi comprises a
nucleic acid sequence comprising an inverted repeat fragment of the target gene and the
coding region of the gene of interest (or portion thereof). The complementary regions of the
siRNA allow sufficient hybridization of the siRNA to the target RNA and thus mediate RNAI.
In mammalian cells, siRNAs are approximately 19-25 nucleotides in length. The siRNA
sequence needs to be of sufficient length to bring the siRNA and target RNA together through
complementary base-pairing interactions. The length of the siRNA is preferably greater than
or equal to ten nucleotides and of sufficient length to stably interact with the target RNA;
specifically 15-30 nucleotides; more specifically any integer between 15 and 30 nucleotides,
most preferably 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, and 30. By sufficient
length it is meant an oligonucleotide of greater than or equal to 15 nucleotides that is of a
length great enough to provide the intended function under the expected condition. By stable
interaction it is meant interaction of the small interfering RNA with target nucleic acid (e.g.,
by forming hydrogen bonds with complementary nucleotides in the target under physiological
conditions). Generally, such a degree of complementary is 100% between the siRNA and the
RNA target, but can be less if desired, preferably 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99%. For example, 19 bases out of 21 bases may be base-paired. In some instances,
where selection between various allelic variants is desired, 100% complementary to the target
gene is required in order to effectively discern the target sequence from the other allelic
sequence. Methods relating to the use of RNAI to silence genes in organisms, including C.
elegans, Drosophila, plants, and mammals, are known in the art (see, e.g., Fire 1998, Nature
391:806-811; Fire 1999, Trends Genet. 15, 358-363; W02001/29058; W02009/932619).

Finally, contemplated, in general, by the invention is a AHR inhibitor, preferably as defined
herein above, for use in treating and/or preventing cancer associated with increased

tryptophan-2,3-dioxygenase (TDO) activity.
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Cancer-associated immunosuppression by Trp degradation has to date been attributed
pivotally to the enzymatic activity of IDO in cancer cells and tumor-draining lymph nodes.
Thus, IDO inhibition is currently being evaluated as a therapeutic strategy to treat cancer in
clinical trials despite some off-target effects on human cancer cells. In the studies underlying
this invention it was shown that TDO is strongly expressed in cancer and equally capable of
producing immunosuppressive Kyn. In IDOnegative glioma cells, TDO appears to be the sole
determinant of constitutive Trp degradation, indicating that TDO represents a novel
therapeutic target in glioma therapy. In fact, an orally available TDO inhibitor has recently
been developed. Inhibition of TDO may not only restore antitumor immune responses but also
act on the tumor cell intrinsic malignant phenotype as we delineated the importance of
constitutive Trp degradation to sustain the malignant phenotype of cancer by acting on the
tumor cells themselves. Emerging evidence points towards a tumor-promoting role of the
AHR. AHR activation promotes clonogenicity and invasiveness of cancer cells. Transgenic
mice with a constitutively active AHR spontaneously develop tumors and the repressor of the
AHR (AHRR) is a tumor suppressor gene in multiple human cancers. The aberrant phenotype
of Ahr-deficient mice points to the existence of endogenous AHR ligands. While different
endogenously produced metabolites such as arachidonic acid metabolites, bilirubin, cCAMP,
tryptamine and 6-formylindolo[3,2-b]carbazole (FICZ) have been shown to be agonists of the
AHR, their functionality has not been convincingly demonstrated in a pathophysiological
context such as cancer or immune activation. The search for endogenous ligands of the AHR
therefore is ongoing.

In accordance with the present invention, these two important pathways contributing to cancer
progression by showing that Trp catabolism leads to AHR activation and provide evidence of
a pathophysiological human condition that is associated with the production of sufficient
amounts of a functionally relevant endogenous AHR ligand. The results of the studies
underlying the present invention reveal a differential response of primary immune cells and
transformed cancer cells to AHR-mediated signals, which is in line with various toxicological
studies using the classical exogenous AHR ligands, TCDD and 3-MC. Exposure to these
xenobiotics leads to profound suppression of cellular and humoral immune responscs, while
also profnoting carcinogenesis and inducing tumor growth. These cell-specific differences in
AHR effects are likely to depend on the expression of factors differentially regulating AHR
signal transduction such as the AHRR as well as cell-specific transcription factor crosstalk
shaping the response to AHR activation. It is likely that Kyn-mediated activation of the AHR
is not only rclcvant in the sctting of cancer. For instance, activation of the mouse and human
AHR Dby agonistic ligands induces regulatory T cells. Interestingly, Ahr-deficient mice suffer
from exacerbated CNS autoimmunity in the absence of an exogenous ligand, while Trp
catabolites suppress CNS autoimniunity suggesting that activation of Trp catabolism
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represents an endogenous feedback loop to restrict inflammation via the AHR. In fact,
exogenous Kyn is involved in the regulation of immune cells in mice via the AHR. Kyn
concentrations sufficient to activate the AHR are also generated by IDO in response to
inflammatory stimuli. In a broader context, a significant number of malignancies arise from
areas of mostly chronic infection and inflammation, where Trp catabolism in the tumor
microenvironment is activated and sustains local immune suppression. Activation of the AHR
by Kyn generated in response to inflammatory stimuli may thus constitute a previously

unrecognized pathway connecting inflammation and carcinogenesis.

All references cited in this specification are herewith incorporated by reference with respect to
their entire disclosure content and the disclosure content specifically mentioned in this

specification.
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EXAMPLES

The invention will now be described by the following cxamples which, however, must not be
construed as limiting the scope of the invention.

Example 1: Materials and general methods

Cells and reagents

The origin and culture conditions of cell lines are detailed in the Supplementary Methods. All
glioma initiating cells (GIC) were established from freshly resected tumors and used during
the first passages. All cells were routinely tested for bacterial contamination. Trp-free RPMI
1640 (Promocell) and dialysed FBS (Invitrogen) were used to cultivate cells under Trp-free
conditions. L-Trp and L-Kyn were from Sigma-Aldrich. Interferon-y (IFN-y) was from
Immunotools (Friesoythe, Germany). TCDD and 3-methylcholanthrene (3-MC) were from
Sigma-Aldrich and 3,4-dimethoxylflavone (3,4-DMF) was from Alfa Aesar (Karlsruhe,
Germany). The TDO inhibitor ((E)-6-fluoro-3-[2-(3-pyridyl)vinyl]-1H-indole) 680C91 was
synthesised by condensation of 6-Fluoroindole-3-carboxaldehyde with pyridine-3-acetic acid
in the presence of piperidine.

Mice

C57BL/6N and CD-1 nu/nu mice were purchased from Charles River (Sulzfeld, Germany).
Ahr-deficient mice (B6.129-4HRtmiBra/]) were kindly provided by Charlotte Esser
(Dusseldorf, Germany). C57BL/6N that were age-matched with the Ahr-deficient mice were
from Harlan Laboratories (Rossdorf, Germany).

TDO expression analysis

TDO expression was analysed by immunohistochemistry in human tumors. Its relevance for
Trp degradation was determined using genetic knockdown or overexpression of TDO. Trp
and Kyn were measured in cell culture supernatants, human sera and xenograft tissue by
HPLC. Mixed leukocyte reactions, chromium release, ELISpot and staining of immune cells
in tumor tissues were used to assess the immune effects of TDO activity. Cell cycle analysis,
matrigel and spheroid invasion assays, scratch assays, sphere formation assays and
clonogenicity assays were employed to analyse the autocrine effects of TDO activity. All
animal procedures followed the institutional laboratory animal research guidelines and were
approved by the governmental authoritics. Orthotopic implantation of human glioma cells
with and without stable knockdown of TDO into CDInu/nu mice, s.c. injection of these cells
into NK-depleted or wildtype CDInu/nu mice and s.c. injection of murine 7do-proficient and
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Tdo-deficient GL261 cells into syngeneic C57BL/6N mice were performed to analyse the
autocrine and paracrine effects of TDO activity in vivo. Microarray analysis of Kyn-treated
human glioma cells was performed to identify signalling pathways activated by Kyn. Analysis
of AHR translocation, DRE-luciferase assays and radioligand binding assays confirmed
activation of the AHR by Kyn. Pharmacological inhibition and stable knockdown of the AHR
(in vitro and in vivo) proved that the effects of Kyn are AHR-dependent. Injection of
doproficient and Tdo-deficient tumor cells into Ahrt+/+ and Ahr-/- mice was used to address
the contribution of host effects to TDO-mediated cancer promotion. Finally, stainings,
mircoarray data and clinical data of human tumor tissues were used to analyse whether TDO

activates the AHR in human cancers and how this affects survival.

Analysis of Trp and Kyn concentrations by high performance liquid chromatography (HPLC)
HPLC analysis was performed using a Beckman HPLC with photodiode array (PDA)
detection and Lichrosorb RP-18 column (250 mm x 4 mm ID, 5 um, Merck, Darmstadt,
Germany). Kyn and Trp concentrations were measured in the medium of 3 x 105 cells.
Human serum was obtained from 24 glioblastoma patients (10 females, 14 males, median age
54.5 years) and 24 age- and sex-matched healthy controls (10 females, 14 males, median age
53.5 years) after informed consent and analysed for Trp and Kyn concentrations. For
measurement of Kyn concentrations in U87 xenografts, the U87 tumors were excised,

weighed, immediately frozen in liquid nitrogen and processed.

Quantitative (q)RT-PCR

Total RNA was isolated with the Qiagen RNeasy kit and ¢cDNA was synthesised with the
Applied Biosystems reverse transcription kit (Foster City, CA, USA). QRT-PCR was
preformed in an ABI 7000 thermal cycler with SYBR Green PCR Mastermix (both Applied
Biosystems). All primers were separated by at least one intron on the genomic DNA to
exclude amplification of genomic DNA. PCR reactions were checked by including no-RT
controls, by omission of templates and by both melting curve and gel analysis. Standard
curves were generated for each gene. Relative quantification of gene expression was

determined by comparison of threshold values. All results were normalised to GAPDH.

SIRNA experiments
To knockdown IDO1 (INDQ), IDO2 and TDO (TDO2) SMART-pool siRNA by Dharmacon
RNA Technologies (Lafayette, CO, USA) was used. The target sequences were as follows:

Human INDO (Genbank accession number NM_002164):
5’-UCACCAAAUCCACGAUCAUUU-3’ (SEQ ID NO: 5);
5’-UUUCAGUGUUCUUCGCAUAUU-3" (SEQ ID NO: 6);
5’-GUAUGAAGGGUUCU GGGAAUU -3’ (SEQ ID NO: 7);
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5’-GAACGGGACACUUUGCUAAUU-3’ (SEQ ID NO: 8)

Human IDO2 (Genbank accession number NM_194294):
5’-CAAACUUCCUCAAUUGAUU-3’ (SEQ ID NO: 9);
5’-UUGGAAAGCUAUCACAUAU-3’ (SEQ ID NO: 10);
5’-GAGUAUGGCUUUCUUCUUC-3’ (SEQ ID NO: 11);
5’-GCACCCAGUUGAAGUUUAA-3’ (SEQ ID NO: 12)

Human TDO?2 (Genbank accession numberNM _005651):
5’-UCAUAAGGAUUCAGGCUAA-3’ (SEQ ID NO: 13);
5’-AGUGAUAGGUACAAGGUAU-3’ (SEQ ID NO: 14),
5’-GGAUUUAACUUCUGGGGAA-3’ (SEQ ID NO: 15);
5’-GCGAAGAAGACAAAUCACA-3’ (SEQ ID NO: 16)

TDOA shRNA sense:
5’-GGAAAGAACTCCAGGTTTATTCAAGAGATAAACCTGGAGTTCTTTCC-3’ (SEQ
ID NO: 17)

TDOA shRNA antisense:
5’-CCTTTCTTGAGGTCCAAATAAGTTCTCTATTTGGACCTCAAGAAAGG-3’ (SEQ
ID NO: 18)

TDOB shRNA sense:
5’-TCATAAGGATTCAGGCTAATTCAAGAGATTAGCCTGAATCCTTATGA-3’ (SEQ
ID NO: 19)

TDOB shRNA antisense:
5’-AGTATTCCTAAGTCCGATTAAGTTCTCTAATCGGACTTAGGAATACT-3’ (SEQ ID
NO: 20)

ON-TARGETplus siCONTROL Non-targeting Pool (D-001810-10- 05, Dharmacon) and a
transfection without siRNA were used as negative controls. Cells were transfected using the
lipofectamine RNAIMAX from Invitrogen. Knockdown efficiency was analysed by qRT-
PCR.

Stable knockdown cells

U87 human glioma cells were transfected with pSUPER .puro plasmid (OligoEngine, Seattle,
WA, USA) expressing sh-TDO or scrambled control using FUGENE HD transfection reagent
(Roche, Mannheim, Germany). 72 h after transfection medium was exchanged to DMEM
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containing 5 pg/ml puromycin (AppliChem GmbH). If not indicated otherwise sh-TDOA was
used. For knockdown of the AHR in LN308 glioma cells the pSingle-tTS-shRNA vector was
purchased from Clontech (CA, USA). Annealed ds oligonucleotides encoding the desired
shRNA sequences with Xhol/HindIIl overhangs were cloned into the vector using the
Xhol/HindIll cloning sites. Short hairpin sequences for contro/AHR or TDO shRNA
silencing including the Xhol/HindIII overhangs were as follows:

scrambled shRNA antisense oligo:
5’-AGCTTGGATCCAAAAAAGTACTTCCACCTCAGTTGGCTCTCTTGAAGCCAACTG
AGGTGGAAGTACC-3’ (SEQ ID No: 21),

scrambled shRNA sense oligo:
5-TCGAGGTACTTCCACCTCAGTTGGCTTCAAGAGAGCCAACTGAGGTGGAAGTA
CTTTTTTGGATCCA-3’ (SEQ ID NO: 22),

AHR shRNA antisense oligo:
5’-AGCTTGGATCCAAAAAAGCGTTTACCTTCAAACTTTATCTCTTGAATAAAGTTT
GAAGGTAAACGCC-3" (SEQID NO: 1),

AHR shRNA sense oligo:
5’>-TCGAGGCGTTTACCTTCAAACTTTATTCAAGAGATAAAGTTTGAAGGTAAACG
CTTTTTTGGATCCA-3’ (SEQ ID NO: 2),

AHR shRNA antisense oligo (Dharmacon siRNA #6 of Smart pool of AHRAHR siRNA):
5’-AGCTTGGATCCAAAAAAGGAACTCAAGCTGTATGGTATCTCTTGAATACCATA
CAGCTTGAGTTCCC-3’ (SEQ ID NO: 3),

AHR shRNA sense oligo (Dharmacon):
5’-TCGAGGGAACTCAAGCTGTATGGTATTCAAGAGATACCATACAGCTTGAGTTC
CTTTTTTGGATCCA-3’ (SEQ ID NO: 4).

The recombinant vector was transfected into LN-308 and LN-18 glioma cells and clonal
transformants were selected with 1 mg/ml neomycin (Sigma-Aldrich). The knockdown was
induced using 2 pg/ml doxicyclin (Sigma-Aldrich), cells were analysed 72 h after induction.
If not indicated otherwise sh-4 HR1 was used.

Stable overexpression
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GL261 cells were transfected with either pcDNA3.1 (-) (Invitrogen), expressing Tdo cDNA
(NM_ 019911) or empty vector using FUGENE HD reagent (Roche). Clonal transformants
were selected using 1 mg/ml neomycin (Sigma-Aldrich).

Tissue specimens and immunohistochemistry

Sections cut to 3 um were incubated and processed with the respective antibody using a
Ventana BenchMark XT® immunostainer (Ventana). For quantitative analysis of TDO
staining, the percentage of stained tumor cells and intensity of staining were evaluated in
representative magnification fields (200x) on tissue sections using optical microscopy
(Olympus BX51).

Immunofluorescent stainings

For immunofluorescence, sections of gliomas with low TDO expression and gliomas with
high TDO expression were incubated with rabbit anti-TIPARP (1:50) and mouse anti-LCA
(1:50) antibodies overnight at 4°C after 30 min of heat-mediated antigen retrieval in Ventana
cell conditioner 1. Then, donkey anti-rabbit AlexaFluor 568 (1:500, Invitrogen) and donkey
anti-mouse DyLight 488 (1:100, Jackson ImmunoResearch, West Grove, PA, USA)
secondary antibodies were applied for 5 h. Micrographs were taken at a Olympus BX-50
microscope (Olympus GmbH, Hamburg, Germany) using the Zeiss Axiocam MRm (Zeiss,

Jena, Germany).

Mixed leukocyte reaction (MLR)

Glioma cells were seeded in 96-well plates in RPMI 1640 containing 10% FBS, 100 U/ml
penicillin and 100 pg/ml streptomycin. 24 h after seeding 2 x 105 irradiated (30 Gy) PBMC as
stimulators and 2 x 105 PBMC from unrelated donors as responders were added. Six-day
MLR were performed and cultures were pulsed with [3H]-methylthymidine (PerkinElmer,
Waltham, MA, USA) for the last 18 h. Cells were harvested, and radionuclide uptake was
measured by scintillation counting. Experiments were repeated with six unrelated PBMC

donors.

Reporter assay

Dual luciferase/renilla assays were performed as detailed in the Supplementary Methods. For
analysis of DRE-driven reporter gene activity in response to various Trp metabolites, the
pGL3-promotor expression plasmid and the control plasmid pRL-SV40, expressing renilla
luciferase were used (Promega, Heidelberg, Germany).

Invasion assays
In matrigel assays cell invasion was evaluated by counting the number of cells that had

migrated across the membrane in 5 independent microscopic high-power fields and expressed
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as percentage of invagiveness relative to control using a microgrid. In spheroid assays
microscopic photographs of the area covered by each spheroid were taken at 0, 24, 48 and 72
h after implantation. For quantification, the mean area which was covered by invaded glioma
cells at an indicated time point was mcasured in intervals of 24 h and compared with the arca
at 0 h with Imagel].

Chromium release assay

Inhibition of immune cell cytotoxicity was assessed using the standardised 51chromium
release assay (Supplementary Methods). Specific lysis in percent was calculated as follows:
[Experimental 51Cr Release - Minimum Release] / [Maximum Release- Minimum Release] x
100. This experiment was performed with at least 4 different PBMC donors.

Enzyme Linked Immuno Spot Technique assay (ELISpot)

Dendritic cells (DC) were isolated from the bone marrow of healthy C57BL/6N mice and
cultured in RPMI 1640 containing 20 ng/ml GM-CSF (Immunotools) for 5 days. Spleens
from tumor-bearing mice were removed and mashed through a 40-um cell strainer.
Erythrocytes were lysed and T cells were isolated by MACS using the pan T cell isolation kit
I (Miltenyi GmbH). 2 x 105 DC were seeded in an ELISpot plate (Millipore) that had been
coated with anti-IFNy antibody (Mabtech AB, Nacka Strand, Sweden) and pulsed with 10 pg
GL261 lysate - generated in PBS by repeated freeze thaw cycles - for 4 h before addition of 1
x 105 T cells. After 36 h, IFNy-producing T cells were detected with biotinylated anti-IFNy
antibody, streptavidin-ALP and BCIP/NBTPLUS (Mabtech) and quantified using an
ImmunoSpot Analyzer (Cellular Technology Limited, Shaker Heights, OH, USA).

Detection of AHR translocation

For detection of AHR translocation 7000 Tao BpRc1c cells with a GFP-tagged AHR per well
were exposed to 50 uM Kyn or 50 pM Trp, fixed in 3.7% formaldehyde in PBS,
permeabilised in 0.1% Triton X100, incubated with 1 pg/ml Hoechst 33342 (Invitrogen) and
imaged on a BD Pathway™ Imager 855 in a non-confocal mode using a 20x U-Apo 340
objective (Olympus, NA 0.75). Further analysis of fluorescence intensity was performed
using the Attovision software (BD Biosciences). In addition, the AHR protein content in the
nuclear and the cytoplasmic fractions of LN-229 glioma cells was compared by

immunoblotting.

Radioligand binding assay with 3H-labelled Kyn _

L-3H-Kyn with a spccific activity of 11 Ci/mmol was obtained from Quotient Biorescarch
(Radiochemicals) Ltd. (Cardiff, UK). The binding assays with L-3H-Kyn using mouse liver
cytosol from Ahr-proficient and 4kr-deficient mice were performed. Specific binding was
defined as the difference of radioactivity between Ahr-proficient and 4hr-deficient cytosol.
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Animal experiments

All animal procedures followed the institutional laboratory animal research guidelines and
were approved by the governmental authorities. Human glioma cells were either injected s.c.
or stereotactically implanted into the right striatum of six 6-12-week-old athymic mice
(CD1nu/nu) and monitored. NK cell depletion was performed by biweekly ip. injection of
rabbit anti-asialo GM1 antibody (Wako Chemicals, Duesseldorf, Germany) starting 2 days
before tumor cell injection. Controls were injected with rabbit IgG (Calbiochem, Darmstadt,
Germany). For induction of AHR knockdown in vivo doxycycline was administered to the
mice at a concentration of 2 mg/ml in ucrosecontaining drinking water. Murine glioma cells
were injected s.c. into the right flank of 6-12- week-old wildtype C57BL6/N mice or AHR-/-
C57/Bl6 mice.

Magpnetic resonance imaging (MRI)

MRI scans shown in Fig.3g were performed using a custom-developed transmit/receive small
animal coil in a conventional whole-body 1.5 T MRI scanner (Symphony, Siemens, Erlangen,
Germany).

Microarray

U87 glioma cells were treated with 100 uM Kyn for 8 h or 24 h, after which the cells were
harvested and RNA isolated using the RNAeasy-Kit (Qiagen). The RNA was subjected to
microarray analyses as detailed in the Supplementary Methods. For each of the four
treatments (8 h, 24 h, Kyn-treated, untreated) two arrays were hybridised and the mean log2
ratios of gene expression in Kyn-treated vs. untreated samples were calculated. Further
analyses of the data are detailed in the Supplementary Methods. For clinical samples
microarray and clinical data were acquired from the REpository for Molecular BRAiIn
Neoplasia DaTa (REMBRANDT) (Supplementary Methods). Survival analysis within the
data set of untreated primary glioblastoma (n=362) of The Cancer Genome Atlas (TCGA)
network was performed using the Kaplan-Meier-analysis module of the R2 microarray

analysis and visualisation platform (http://r2.amc.nl).

Statistical analysis

Data are expressed as mean + s.e.m. Analysis of significance was performed using the
Student’s t-test (SigmaPlot). P values < 0.05 were considered significant. Correlation of Ki67
and TDO was analysed by Spearman rank correlation (SPSS, IBM, Somers, NY, USA).
Corrclations between TDO and AHR (Fig. 6¢) as well as TDO and CYPIBI (Fig. 6d) werc
analysed by Spearman rank correlation (Sigmaplot). Nuclear fluorescence intensity was
analysed using One-Way ANOVA on ranks (p=<0.001) followed by Dunn’s Method
(p<0.05). :
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Example 2: Autocrine and paracrine effects of Kyn generated by TDO

In accordance with the studies underlying the present invention, a screen of human cancer cell
lines revealed constitutive degradation of Trp and release of high micromolar amounts of Kyn
in brain tumor cells, namely glioma cell lines and gliomainitiating cells (GIC), but not human
astrocytes (Fig. la). Surprisingly, IDO1 and IDO2 did not account for the constitutive Trp
catabolism in brain tumors. Instead, tryptophan-2,3-dioxygenase (TDQO), which is
predominantly expressed in the liver and believed to regulate systemic Trp concentrations,
was strongly expressed in human glioma cells and correlated with Kyn release (Fig. 1b).
Pharmacological inhibition or knockdown of 7DO blocked Kyn release by glioma cells, while
knockdown of IDOI and IDO2 had no effect (Fig. lc,d), thus confirming that TDO is the
central Trp-degrading enzyme in human glioma cells. In human brain tumor specimens TDO
protein levels increased with malignancy and correlated with the proliferation index (Fig. le-
g). As described previously (Miller 2004, Neurobiol Dis 15(3), 618, healthy human brain
showed only weak TDO staining in neurons (Fig. 1e). TDO expression was not confined to
gliomas but was also detected in other types of cancers referred to elsewhere herein including
hepatocellular carcinoma, colon carcinoma, breast cancer, NSCLC, ovarian carcinoma,

malignant melanoma (brain metastatses), and renal cell carcinoma.

Reduced Trp concentrations were measured in the sera of glioma patients (Fig. 1h). These
may not have translated into increased Kyn levels (Fig. 1h), because Kyn is taken up by other
cells and metabolized to quinolinic acid. Indeed, accumulation of quinolinic acid was detected
in TDO-expressing glioblastoma tissue (Fig. 1i). Kyn suppresses allogeneic T cell
proliferation9. Allogeneic T cell proliferation inversely correlated with Kyn formation by
glioma-derived TDO (Fig. 2a). Knockdown of 7DO in glioma cells (Supplementary Fig. 4c,d;
Supplementary Note 9) restored allogeneic T cell proliferation, while addition of Kyn to the
TDO knockdown cells prevented the restoration of T cell proliferation (Fig. 2b). Kyn
concentration-dependently inhibited the proliferation of T cell receptor-stimulated CD4+ and
CD8+ T cells (Supplementary Fig. 4¢). In addition, knockdown of TDO resulted in enhanced
lysis of glioma cells by alloreactive PBMC (Supplementary Fig. 4f). Finally, decreased
infiltration with leukocyte common antigen (LCA) positive and CD8+ immune cells was
observed in sections of human glioma with high TDO expression in comparison to those with
low TDO expression (Fig. 2¢), indicating that Kyn formation by TDO may suppress antitumor
immunc responses. /n vivo experiments in immunocompetent mice demonstrated that tumors
expressing TDO grew faster and displayed a higher proliferation index than TDO-deficient
control tumors (Fig 2d). TDO activity in tumors suppressed antitumor immune responses in

vivo as evidenced by reduced interferon-y (IFN-y) release by tumor-specific T cells and tumor
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cell lysis by spleen cells of mice bearing TDO-expressing tumors in comparison with mice
bearing TDO-deficient tumors (Fig. 2¢,f).

Next the autocrine effects of Kyn on glioma cells were assessed. While no differences in cell
cycle progression were detected between controls and glioma cells with 7DO knockdown,
knockdown of TDO reduced motility and clonogenic survival (Fig. 2g,h). This was mediated
by Kyn as exogenous addition of Kyn restored motility and clonogenic survival in the absence
of Trp (Fig. 2i,j), suggesting that Kyn increases the motility of malignant glioma cells. In GIC
sphere formation was enhanced in response to Kyn. Finally, tumor formation was impaired
when TDO knockdown tumors were orthotopically implanted in the brains of nude mice,
which are devoid of functional T cells (Fig. 2k).

Example 3: TDO mediated inhibition of N cells

To analyse whether TDO-mediated inhibition of antitumor NK cell responses, which are
functional in nude mice, may account for impaired formation of 7DO knockdown tumors,
subcutaneous tumor growth was compared in the presence or absence of NK cells. NK cell
depletion enhanced the growth of both control and 7DO knockout tumors but did not restore
the growth of TDO knockout tumors to that of controls (Fig. 21), suggesting that Kyn
generated by constitutive TDO activity enhances the malignant phenotype of human gliomas
in an autocrine manner in the absence of functional antitumor T cell and NK cell responses.

Example 4: Molecular mechanism of Kyn activity via AHR

To better understand the molecular mechanisms underlying the autocrine effects of Kyn on
glioma cells, microarray analyses of Kyn-treated glioma cells was performed revealing broad
induction of AHR response genes by Kyn (Fig. 3a). Pathway analyses showed that the 25
genes that were most strongly induced by Kyn treatment in U87 cells at 8 h and at 24 h were
all directly or indirectly regulated by the AHR (Fig. 3a).

Malignant glioma cell lines as well as GIC express the AHR constitutively and upregulation
of AHR target genes by Kyn was confirmed in two different glioma cell lines. Kyn led to
translocation of the AHR into the nucleus after 1 h, thus showing an immediate effect of Kyn
on the AHR (Fig. 3b,c). In accordance, Western blot analyses of Kyn-activated tumor cells
showed reduced cytoplasmic localisation paralleled by increased nuclear accumulation of the
AHR comparable to that induced by TCDD (Fig. 3d).
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Kyn concentration-dependently induced DRE-luciferase activity in glioma cells with an EC50
of 36.6 uM (Fig. 3¢). AHR activation was unique to Kyn in a panel of Trp catabolites. An
ethoxyresorufin-O-deethylase (EROD) assay confirmed the induction of the functional AHR
target gene cytochrome P450, family 1, subfamily A, polypeptide 1 (CYP1A1) with an EC50
of 12.3 pM for Kyn. Radioligand binding assays using mouse liver cytosol from Ahr-
proficient and AArdeficient mice demonstrated that Kyn binds to the AHR with a KD (app) of
~ 4 uM (Fig. 3f). Activation of the AHR and upregulation of AHR-regulated gene expression
in response to Kyn were inhibited by the AHR antagonist 3,4-DMF or knockdown of the AHR
(Fig. 3g), indicating that Kyn is a specific agonist of the AHR. The involvement of the same
or similar AHR residues in the binding to Kyn, TCDD and 3-methylcholanthrene (3-MC) was
confirmed by the fact that 3,4-DMF inhibited the activation of the AHR by all three ligands.
Importantly, the endogenous Kyn production of glioma cells was sufficient to activate the
AHR, as knockdown of 7DO decreased the expression of AHR regulated genes (Fig. 3h). As
mean Kyn concentrations of 37.01 +/- 13.4 uM were measured in U87 xenografts (n=6),
sufficient Kyn concentrations to activate the AHR were also reached in vivo. In accordance
with an activation of the AHR by TDO-derived Kyn, expression of the AHR target gene
TIPARP in LCA+ immune cells was observed only in human glioma sections expressing
TDO (Fig. 4a).

To determine whether TDO influences antitumor immune responses via the AHR the
infiltration of immune cells in human glioma sections in relation to their AHR expression was
analysed. Indeed, infiltration by LCA+ and CD8+ immune cells was decreased in sections of
human gliomas with high AHR expression compared to those with low AHR expression (Fig.
4b). To analyse the contribution of host AHR expression to tumor growth, the growth of
murine tumors with and without Tdo expression in Ahr-deficient and A%r-proficient mice was
compared. The growth of Tdo-expressing tumors was attenuated in Ahzr-deficient mice when
compared with Ahr-proficient mice (Fig. 4c¢) indicating that AHRmediated host effects
enhance tumor growth. Staining of LCA+ immune cells in the tumors revealed that expression
of TDO reduced the infiltration with LCA+ immune cells in Azrproficient mice, but not in
Ahr-deficient mice (Fig. 4d), suggesting that TDO-mediated suppression of anti-tumor
immune responses via the AHR contributes to the host effects enhancing the growth of Tdo-
expressing tumors. In addition, while in 4hrproficient mice 7do expression strongly enhanced
tumor growth in comparison to tumors not expressing Tdo, the same effect was observed in
Ahr-deficient mice, albeit to a much lower extent (Fig. 4¢). As murine glioma cells express
functional AHR, these results suggest that the increase in tumor growth mediated by TDO in
Ahr-deficient mice is duc to autocrine effects of TDO on the tumor cells themsclves. This
notion is supported by the fact that Kyn failed to induce motility of human glioma cells after
" AHR knockdown (Fig. 4¢). Also, the increase in clonogenic survival in response to Kyn was

abolished in glioma cells with a knockdown of the AHR (Fig. 4f). Finally, in vivo experiments
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demonstrated that induced knockdown of the 4HR in human glioma cells inhibited tumor
growth in immunocompromised mice (Fig. 4g), underscoring the importance of AHR
signaling for the autocrine effects of Trp degradation.

Next it was investigated whether TDO-derived Kyn activates the AHR in human brain tumor
tissue. Indeed, TDO expression correlated with the expression of the AHR and AHR target
genes in human glioma tissue (Fig. 5a,b,c), indicating that constitutive TDO expression in
glioma cells produced sufficient Kyn levels to activate the AHR. To address whether the
TDO-Kyn-AHR signalling pathway is also activated in cancers other than glioma, we
analysed microarray data of diverse human tumor entities. Interestingly, 7DO expression
correlated with the expression of the AHR target gene CYP/B1 not only in glioma (Fig. 5¢),
but also in B -cell lymphoma, Ewing sarcoma, bladder carcinoma, cervix carcinoma,
colorectal carcinoma, lung carcinoma and ovarian carcinoma (Fig. 5d). This finding indicates
that the TDO-Kyn-AHR pathway is not confined to brain tumors but appears to be a common
trait of cancers. Analysis of the Rembrandt database revealed that the overall survival of
glioma patients (WHO grade 1I-1V) with high expression of 7DO, the AHR or the AHR target
gene CYPIBI was reduced compared to patients with intermediate or low expression of these
genes (Fig. 5¢). Finally, in patients with glioblastoma (WHO grade 1V)14, the expression of
the AHR targets CYPIBI, ILIB, IL6 and ILS8, which are regulated by TDO-derived Kyn in
glioma cells (Fig. 3h), were found to predict survival even independent of WHO grade (Fig.
5f), thus further underscoring the importance of AHR activation for the malignant phenotype
of gliomas. In summary these data suggest that endogenous tumor-derived Kyn activates the
AHR in an autocrine/paracrine fashion to promote tumor progression (Fig. 5g).
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Claims

A method for treating and/or preventing a natural AHR ligand-dependent cancer
comprising administering to a subject suffering from said cancer a therapeutically
effective amount of an AHR inhibitor.

The method of claim 1, wherein said cancer is selected from the group consisting of:
brain tumors, preferably, glioma, melanoma, colorectal adenocarcinoma, colon
carcinoma, renal cell carcinoma, non-small cell lung cancer (NSCLC), breast cancer,
hepatocellular carcinoma, ovarian carcinoma, head and neck carcinoma, bladder
cancer, pancreatic adenocarcinoma, mesothelioma, and and small cell lung cancer
(SCLO).

The method of claim 1, wherein said AHR inhibitor is a small molecule compound.

The method of claim 3, wherein said small molecule compound is a plant compound
or derivative thereof.

The method of claim 4, wherein said plant compound or derivative thereof is a flavone

or derivative thereof,

The method of claim 4, wherein said flavone or derivative thereof is 3.4-
dimethoxyflavone, 3’-methoxy-4 -nitroflavone, 4°,5,7-Trihydroxyflavone (apigenin)
or 1-Methyl-N-[2-methyl-4-[2-(2-methylphenyl)diazenyl]phen  yl-1H-pyrazole-5-

carboxamide.

The method of claim 4, wherein said plant compound or derivative thereof is

reveratrol or a derivative thereof, epigallocatechin or epigallocatechingallate.

The method of claim 3, wherein said small molecule compound is a compound

characterized by the following general formula (I):



10.

11.

12.

13.

14.

I5.
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wherein

) R'! and R? independently of each other are hydrogen or a C, to Ci; alkyl,

(i) R?to R' independently from each other are hydrogen, a C; to Ciz alkyl,
hydroxyl or a C; to C;; alkoxy, and

(i)  the broken line represents either a double bond or two hydrogens.

The method of claim 1, wherein said AHR inhibitor is an antibody which specifically
binds to and inhibits the AHR protein.

The method of claim 1, wherein said AHR inhibitor is the AHR repressor protein or an
inactive AHR nuclear translocator (ARNT).

The method of claim 1, wherein said AHR inhibitor is a nucleic acid inhibitor.

The method of claim 11, wherein said nucleic acid repressor specifically binds to an
AHR encoding polynucleotide and is selected from the group consisting of: a
ribozyme, an antisense molecule, an inhibitors oligonucleotide, an aptamer, a micro

RNA, and an siRNA.

An AHR inhibitor for use in treating and/or preventing a natural AHR ligand-

dependent cancer.

The AHR inhibitor of claim 13, wherein said AHR inhibitor is an AHR inhibitor as
defined in any one of claims 3 to 12,

The AHR inhibitor of claim 13, wherein said cancer is a cancer as defined in claim 2.
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Aryl Hydrocarbon Receptor Antagonist in
Human Breast Cancer Cells",
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[0003] AEER (Trp) B EMBEMAIREERN—NMF. EPER P ORIELTH
1 2 BR il S g% S B I 32 B Y JRATL AT ThBE AR S (Munn2007, J Clin Invest117,1147) .
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H (ARNT) JERLR 2R, 540 AHRSEE RS X — R E RN o (ORE) B L4 A%
FHEAER (Reyes1992, Science256,5060 ;Abe12010, Biol Chem391,1235) .

(0008 4N AHR 225 H I i A5 8% A AL % BUE . ., A NIRE SRR 68
1 AHR FEHUH L I8 16, T BEOSBY LEi% s A 352 106 2246 A (Palermo2003, Chem Res

Toxicol16,865) o F34k, EAN AHR & (Rl 20 B AY Rk 2 55 B a4 e 4 M b i 4 A v

(Gramatzki2009, Oncogene?28,2593) , _ :
[0000] %5 LidiR i, $2 B T v 77 B P B OB T 4 Tep Sy B AR A R B
_ Hﬂ“ﬁ%ﬂ‘]?%ﬁﬂﬁﬁiﬁﬁﬁﬁ(ﬂ-TE’!;‘MF‘%'EJ%%E&E"J?E’x‘?ﬁﬂjﬁ'&o :




CN 104023713 A | it BB B 2/20 T

ZRARAE

[0010] AR BA¥S R R TVA97 A1 / BRINEG RAR AHR BC AR MR E R 7 ik, HAEE R EF
Bk S i ) 52 1R 38 H A ¥R 97 B R E B AHR FDIF)

[0011]  FEARREATEM—MUARISEHEDT R, ik EiESE B M E (IRikh wafe
B ) RAREB . SME . &S . F A ME . NSCLC. FLE  FF 4 FusiE | Oy 2875 . Sk
Tes FB5 DR T2 B BVJRE ) B 8 A SCLC.

[0012]  TEAKRBATIEM—MUER LA £, Frid AR #&I5F2 /D3 FHED.

[0013] FEARRHFEN—MUERLHESRF, IR/ N TFHEDREDIE D EIEAT
a7/

[0014] FEARREAFTEM—MUIERSHES RF, idEDLS DS EATEY 2 ET s
FrAEY. BRRikh, TR B HATAEYR 3, 4- —REEHE .3 - FHEIE -4 -WHEH
Bi4' ,5,7- =R ( FEERE) B 1- FE N-[2- B -4-[2-- BEE) -K
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MW (n=4) . b, TDO mRNA 5 A4 f I8 40 L Kyn B2 (R 9 AH R 1, @ i 78 & RT-RCP
A HPLC JU 52 (n=4) . c, # TDO MW7) 680Co1 ( Bfh ke ) BHEH ( A4 ;n=4,1.5
F1 10 1 M TDOI (¥ P {4} %4 P=0. 005.0. 002 F 0. 0009) FF7ER] HE 7 48 /NE [y UST fHER R
SUBAM EiE T Kyn WREE. d, 1 siRNA ZE[Rligf% TDO( B 4c#E, P {H4 124 P=0. 000007,
0. 0007 F1 0. 00006) « IDO1 (K48 ) B D02 ( BRE&HE ) JFEME R FUE A M Kyn
BT (n=3) . e, @EMALRPIFHIMATT TDO FiA ( LB ). A4 Mo (WHO 734k IV
%, TE ) B TDO K& ;A -TDO Jefa ;¢ IRFE &7k SRIERALR LT . FEE RIHER
AL R B R A M (55 ) o BORER (40x, K 400x ( LB (100x (FE) . £, B
7 388 1 i R R TDO RIARIE [H VP43 1 (WHO 434% T1-1V ;11 4%, n=18, 111 &%, n=15, IV £&,
n=35) . g, Ki-67 3 TE 5 AR WHO 47 KM 4 BT H TDO H ¥R 43 AR (n=42) .
h, B HPLC U 5E K 24 15 55 J 5 440 o seg 262 A0 24 15048 165 . otk 591 4 UG B Ay 4 B 5 ) I 975 b
Trp(ZE) M Kyn () RE. i, BEARALR (A4, n=5) FIRK R4 RBAR (£
B4, n=5) THIEMBRREER. () F (5) PHEIR S MIEAFERR, RPHE 25 A
75 NE SRR AL iR s AR 10 A 90 NE A A

[0028] ] 2 3 AF I Ik 4o 22 B ST JRE 4 YL TDO A S04 Kyn 8 N 4 28 40 1) 35 43 WAV &
a, 5 AN [E] M 22 R P88 40 B 22 S [E] 55 JR 14 PBMC B [R) b R AR 4 5 5 p 428 e 598 40 L K Kyn %
SR AR =M (n=3) o b, TEAELEELATELE 100 1 M Kyn B, 523K TDO HX B UBT #8122 12 S8
Y0 (sh—c) {3 FH AR 5E B % & 3 RNA /i S TDO JE R R R 1 UST #HZ2 B FUR 41 iy (sh—TDO)
AR IR () PBMC (FR 48R ) DL S AEA7AEBRANAZAE 100 1 M Kyn i, 50159 PBMC ( B (. 554
n=3) Z[A)[EFf R ABEER LS. o BA DO KRR IEMAMERFEY A H- %4 <150, 8B
545, X F LCA, n=12 ;XfF CD8, n=10) FMEF TDO MR LM AMEKTEY F H P4
= 150, B 544, Xt F LCA, n=17 ;%7 F CD8, n=10) &7, Jefa iy LCA+ 40} (=& ) F1 CD8+
g (AE) BT E. d 5 Tdo (SL0E ) BREHE (0B ) EFESE C5TBL / 6N
/NS, 48 A A R R AL SE S5 e i Tdo BRI CL261 BB TR 48 i K (n=6) .
CEEUTEXTEMEER MHEEE (0=(K (tm) X % (cm)2) X0.5. e, ALK
RERRY) RN , B2 R AE RIE Tdo MR/ MR T A M ( B &) FAH Tdo G
FERI/NR T ( B4 ) B IFN-v (LR, Hd ELISpot JUE (n=3). f, HAH
FIE Tdo K GL261 81 /)y BRI R 40 B AR 1 CL261 FR AR RN R 5 P4 A J2 R Tdo
SRFALT GL261 PR (/)N BRI OB 40 MR 2R (1 GL26 1 B 22 o TR 40 M 1 L 52, L b 6 TR s 45
(n=4) . g,sh—c (Z0E ) Fl sh-TDO (L0 ) AR RREAETEBEENEE (=3,
24.48 F 72h ] P {E 4> HE P=0. 004,0. 0005 F1 0. 01) » h, sh-c ( (Afa4HE ) F sh-TDO( B
€8 % 5 ) UST 410 P2 SE e A0 MBI 77 V8 (n=3) o 1, TE NFELEBUAF7E TOu M Trp. R A BUH
30 L MEL 60 uM Kyn B, UST 4250 Ji J5i 728 20 Ho ) ok B e hoyden INE AT Matrigel boyden
chamber assay) o J, ZEARTFFAEBAFLE T0 0 M Trp & H A 30 1 MBL 60 1 M Kyn I, LN-18 #f
' ééﬂfz)ﬁ@‘éﬂiﬂ@E@FE#EI@?PHH@E@@?%<nf35 o kAN sh-c ( _E[E) B¢ sh-TDO( T )UST W%

o]
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P2 TUIRE 40 ML CD1nu / nu /B BOACER M SK A% MRT VHRE AR G (nestin) Yefh . XLEEE
REBAMILHIER (0=6) . 1,7 CDInu / nu NERAIEME R FiES sh-c (A4 )
sh=TDO ( B 44 ) UST #PL2 i S5 40 Hu () B B &, 1% /0N BRUF S 22 Bk NK 40 i 1) i — 2 MRS
% (asialo) GMI HifA& (ASIALO) 4b3#, B FAXTIE 1gG (IgG) AbH (n=8),
[0020] &l 3 K B Kyn BUE AHR. a, UST 4l i Kyn 4b3 8h &R FIHLE T 6 25 &
K5 AHR 15 B4E S HIRBE (4068 : B, 846 . T ). b, bRic GFP # AHR 2/ RUE 40 i
%W A, A 50 u M Kyn 50 u M Trp 3K (nM TCDD 4bF¥E 3h &, FF A FEAR Trp ( BT 555
). o, EE T (FIEXT R 5 5REE, FHMEXS B : 1nM TCDD .50 1 M Kyn) 3h &, & brid GFP
f7 AHR F9 40 At o 40 0 R e 40 R B 3% SR BB B RG E 36. BB M A tRAR R R, RIS 25 128 75
AE 5 8 LA R P ALE, iR 4 B RS 10 FO3E 90 NE /A (PO, 001, SeXt 2 4Rk iT 5
7] ANOVA 7} #f7, T /54T Dunns’ 7798 ) . d, B XTHE (1,2) . Kyn- 4bZE [ (3,4) F1 TCDD- 4t
HEAG (5,6) A LN-229 $ 22 52 588 40 L i 19 /> A () O 40 A% R0 40 BT 2% 43 ) AHR Western EJ
e e, ATEE Kyn WAL UST MR B A Ml f — & T M i (DRE) L2300 B
HEMBERFRE 0=2). {,FHKE Ahr IEH (Ahr-proficient) I Ahr HREA/N BT 41
MRV RS, TR B IR L-3H-Kyn BT BUR A 45 A S50 . BT Ahr IEF 40 fays i
T4 H R S EYR 2s Abr SREGRIZ L B P B KBS E T S RS S 0= . ¢ 5
FH 100 u M Kyn. 1nM TCDD B{%) FE AL TR %) BR (sh—c, EI64%#E ) AHHL, sh-AHR LN-308 #122 %
FUBAIHE (B4 ) P CYPLAIMRNA RiX (n=4) , h, 5 sh—c US7 MR TG4 ( &
B8, n=4) FHLL, sh-TDO( B 4kkE ) 1 AHR ¥EFRZE AT mRNA ik,
[0030] & 4 FEHYE B TDO i Kyn i) B 2 WAFN 3% /3 W E A2 AHR 5. a, 78 B4 TDO {KEX
L RIE M A Z I FUE Y F 7P LCA F1 TIPARP [ 98 ettt MUK :400x, b, ERH
AHR (R 15 A Z TR A (Histo ¥4y <150, B 448, 5T LCA, n=10 ; %f T CD8, n=8)
FUEA AR B # ik AT N Histo ¥4 = 150, B4, X T LCA, n=12 ;% F
CD8, n=12) 1, Yot/ LCA+ ZAME (£ ) FICD8+ AL (/) HIEE. o, fF Ahr E¥ (A
A% ) B Ahr BRFE/NRR (@A, n=6) TIMME, [ A UL Tdo RIAM R GL261 #f
SRR b RENMEER. d, WAE R, 4 Ahr £ 0 Ahr SRREE/D R A, 7K
T Tdo IEHF1 Tdo HRBEAMNT GL261 i o, G2 6 LCA+ (LR 41 RE I 78 B, FLR B S 25 FIZH
75 NE 4 S UL TR (0=4) . e, 7F 100 & M Kyn FETEEANTEAE I, sh—e LN-308 #1225 U8
MM (A &EE) FH PR E R shRNA (sh-AHR1, 7% & & HEFlT sh-AHR2 B (8 & k8 ) BRI
[ AHR ] LN-308 MBS RO H (n=4) . £, 7E{EEARLELE 100 u M Kyn i, sh-c (A
a4 4 ) A0 sh-AHR( BB (5445 ) LN-308 #h2 B BB A ML T M R4 (n=3) . G fEFA %I
RSN R RS S CD1nu / nu /N B AHR- 78 (5208 ) F1AHR- Sefai (Z25008)
A LN-308 M B MM AR (=7, BEUFERHEWNEER MEEE (9=(kK
(cm) X % (cm)2) X0. 5,
[0031] 5 YR B TDO Y Kyn 7F % i N EIE IS AHR, EL AHR O 80E TIUR #2813 U
BEMNALT. a, EARBTARMHARELY ) F, TD0 £iE (46 ) Fl AR RiE (18
o) BOHERYE. SERIAMTEMMAE . BRI 40x, FEE 200x. b, {RYFAE TR /R B %
SAHSETHEEY TDO A AHR £ H P53, 7E A FURE A 1R TDO il AHR SR E 2 8] i AR 5% 1
<n=2§> o ¢ 1E F T AR B S A 36007 O\ B TR 40 L 988 6 7 B 51 %500 b TDO A CYPLBL
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RIEZ [AIRIAESRME (n=396) . d, FE AT /R 2 F ARSI AR E (4, n=58) . A&
(i), n=122) FIAGREE (£5,n=91) FIFRKFEFIEE - TDO F CYP1B1 SRk Z [ By AHR M .
e, K B Rembrandt ffJ BL7 TDO BX AHR mR & (406 ) MFHEK U EF (WHO 434 11-1V
%) METMERSAEEXERRPERE (Ee) SREEL (F6) NEENETMER
tbER . S22 NIBHMTIER 21, §, BF AHR $BARE R CYPIBL MiRIE (46 ) BIK
Jol T4 B geg 2B 3 B A 7R 553k B The Cancer Genome Atlas (TCGA) 4% ft) kB o 28 R s
BIRA R CYPIBLRRE (4 ) BENAFMENE (0=362) . g, #RIAYE E TDO K Kyn
TR I AHR X J25JiE 40 M R0 S 5 40 K1 B 70 R 55 73 b 1 FH RO AR 1B

[0032] &EAFAR .

[0033] A KEHM KA TR / BT RAR AHR EL iR fK BE iE 5 v, H BN EH
B JEAE ) 52 R E MR 16T A B 1Y AHR 15

[0034] FHFAICHIAREVERIT” e 5 RIGITTZIRE M, KEEZBITHZRETH
FERERTTOE . PR vl LR BT I RE R B L B3t B . T B, ik Bl i v] DL 2 iE
Bl LR B A B B VA . Y HARVRTT R AT 100 % MIFF 167 2R E I . SR, ZATE
ERIET N ZIRE AL L BERE S RRINE (B0, 4 2 B RS R Bk ) %335
RERAU ¥ LEER, o] HASRE RN RFH & A SB G225 i TEBE, Bl
BEX BB E p ERFE . %4E t 55 Mann-Whitney 1%, MAEIE 5. HAN
F Dowdy A1 Wearden, Statistics for Research, John Wiley&Sons, New York1983 #. {Li%
KEEXEREDL % . EDB5% . ED97%. .20 98%EKE D> 99% . ik p {H2 0. 05.
0.01.0. 005 ¢ 0. 0001,

[0035] AT ARSCH HIARTE “TREG ” Fakk e A SC P AF A e Bl AR R R B e e 3
FRTI HE B S AENG R B — B 1R) 5 0 N R AEJEAE o BTIR BN 8] O, Ui ot , 7E R A R B 19
WEHHE, FEEL 1IN ELeANAELINH ELIEBL2ERILHER
D0 EHBEEGRBESRENEE GG MM R LT 100% KR AT %5
o BRI, ZARTBE K X 2 RE EL T F L EERS AR RINN (B, &R+
RIBER) . ZE R ERETF L EEN, v HASTIRE AR 2 AF A 24750 o HAt AL FE A 18
f &R ARG FE T TRAE, MATILET 5.

[0036]  FH T A0 HYARE “RAR AHR Bl AR BIMERRE 7, FE KT R4k AR Bl A5 A2 1)
2H R AFR S5 AL RO AT B A . SIS, P KR AHR R (R R R IR IR (Kyn) o fIEHE,
RIREER 38 i R IR M AERE R A5 R RBP4 . B ILEH, IRIR A & B A=
S LRI 5 38 I i) LR —2-3— XUDN4EUBE (TDO) V& MEAR K o anAR SO R i) TDO W&, {1k 3
A LUE i I B R 40 AR BB E 4N L T AR R R ER A / SERRIREWfY . ., &0
ULIE o 5 Je I 2H 4R BB 4 A R TDO B3 S EkJm RS Bk TDO B K55 R )& BEvFAb 38 I i
TDO & 14 » W] it 56 T UMk F B AR # %2 TDO B &, 40 ELISA, T 4% R4 88 8 Wd i % 82
ZATHA, W Northern ENIE, SZERY S HUR, 4n RT-PCR #i72 « Fi T2 & & 7 4L S AEAH
SKRIKIHE AN TDO 45 BILE I H AR R T A0 LA B SE i), 8 FF T W02010 / 008427
o, HARRL A N BEA P EIAEANZ H . Uk, Bk UL B3R Ka B AriE 8 - i
580,k M B R R T S IR S A B e 0 B B (NSCLC) W F
EWPHH@F:Uﬂ%f“iéu'f:ﬂ%ﬂfufiHﬁﬂ?filé]ﬁiﬁ.?%ﬂfﬂlﬂﬂ’@ﬂrhﬁ (SCLC) » TT&iith,

T
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R R, AR A i B B JRE ALE R T 2 5 38 A P31 ik 2, 3— XUIN4EUBe 1 B 2 (1DO1 X 2)
JE A RAEIE . A SR R IR R AR GUR A SR 5 0L, 110 Lob2009, Nat Rev
Cancer9 (6) , 445, HAHN A F KA BEALPEIANEAN S
[0037]  ZEAKBHME X b, “AHR $IHIF)” 2 RE 08 B BB R B0 5 B2k (AHR) £k
TEHERIWED . RIEA K HPTTER AHR 2 WM - 8858 - 3 - SR iE s R F KRR RUR .
HefmxET, 85 SKEN, A5 — 2 EEaUE 6 4FE. CEMR T —LL5e%
BOE B H] AHR (R, A A TECRAFEMNE 4. B XR I A2 S R, 2 oA e
RFR (BEEHF A E, w2, 3,7, 8 WRZZHKIFF -Xf - & E (TCDD) , A A= ) Fu
LI (3- PEIBE, R, FIFRERMEFETL) MR, ODELETARRTEN
ARR BLA L&V BEFEEARRITED M RIRER, Sl g E4, [Nt (tetrapyroles)
WAHLL 2, e A VAR =W IEE & A4 FIRTHIRER G, BRI EREA, — i
BRAYE MEMN - NEERE. SRAEEH, HEEOMEEIEAR 5 EHEEHS
ARNT (AHR ¥ S i8R ) % 4{k. AHR A1 ARNT BS54 REE R,
[0038]  AHR £ K HA—LEXT T IhRE T2 ) S5 A, HLEL 43 28 04 % S IR P A M BB iE — 346 — 12
1% /Per—-Arnt-Sim (bHLH / PAS) ZKEAIA A . 3 bHLH 241 T 5 BRI N K . bHLH #85¢
BGRLR BRAEWAThRE MR R RTFEWIR. B— 2R, 5 5% ZF T F1 DNA
IGE& o 5 N RIRKE - 3F - 858 (HLH) X3, HAEM TEE -EEMMEEEH. AlRRTAH
P~ PAS £54415, PAS-A Fll PAS-B, H. /& 200-350 MR BRI H B, 5 R EE I period (Per)
F single-minded (Sim) FRIAME DLW EAA S ERFFIEEME. wH, B EH
HAELET ARNT. PAS Z5#0E7 B 535 HAh PAS B E A RS R KA EEH,
W5 AHR F0ARNT (IO, MRS T A S RA G R ARE &1k AHR WAL SRS
£ 5 1E PAS-B i ftdrh, A B — XA 4 6 EEMNRTRE . FAE, EEE Tyr310. -
Phe324.His326 fl / B Arg352 BERESHE AL S . &5, B QIEHEA TEBERK
C R IR, 255 50 B BT 0 25 4R A0 S5 I
[0039]  fii% Hh, AHR % fik 2 A AHR, B {£ 3% M, /2 £ Genbank % 3% 5 :NM001621. 4 (GI :
229577137) FiR 2 EBRHEEA A AHR 8L BB %23 %5 B NEERF 5 A AHR,
i, ARIE AR B, 4 2 B4R K AHR 2T k. EREa — s MEEF IR, Sk
N/ RN FRTAREM SR REHEEREET IS NEERER . H
AN/ AR, B, IRIE A K L IR R, Rk, E2EHFRTAEESE LR ENZIR
FHIELLE D 40% B 50% . B 60% . B0 T70% . B0 75%  F80% B0 85% B b
90%.Z/b 95% 2 /b 98 % B AP 99% Rl — IR ITF .. T H, PLidth, £ % E B AT LA
HERES FREERFIAELED 40% . F 0 50% 5/ 60%  F D 10% . Fb 15% 5
b80% FE /b 85% . FB/b90% . E /D 95% . /D 98% T E /D 99 % [H] — IR IR 7 5 A% IR
FFole R “F—/” BHFAXHR, 875 R —M, LB e HAZERTS B R T 5
(5] #H 7] ) AR BR AN B 3R AL, H P BT R T 318 S s T R I ES . ] LASE A s AR A R
BT FALIR T P 4R B 75 ST 5, Lo, 49040 BLASTP, BLASTN 2K FASTA (Altschul1990, J Mol
Biol215,403) . — /T, ERE R 5B E LB R —ME o b, SiERKFIIRE D 50 %
HERER BT ER— TS, AL RRRFES, AR R T HREET SMEEN—&
FIFRFE . ZEA AL, Need]l eman and Wunsch B Smi th and Waterman & E4 1 THERITT SR

8
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Rk T AT R FI X, AT LE A2/ PileUp (Higgins1989, CABI0SS, 151) EFEF Gap F
BestFit (Needleman1970, J Mol Biol48 ;443 :Smith1981,Adv Appl Math2, 482) , 224 GCG #K
44, (Genetics Computer Group1991,575Science Drive, Madison, Wisconsin, USA53711)
FI—8 5. EAREHKS— A, FHEEFENFEENEF GAP #E P B s Uk
Bk 5 R —HE T 2t (%) B ONE 50, KENE .3, FHICESE :10. 000, P
FHECE 0. 000, FRAESRE BTG i, F R 208 5 AR F5 LSt RARvE I B - NV IRAR A _E 42 RIAZ
AR EEAR RV 5 LA AR E AL 2 EiE M
[0040]  EHHDHIAHRFEHEIINEY), LIERREBYIE 5 AHR ZABE/EA L EY, A
TAME1Z AHR Z AKEITE . 10 RAb-&W%: & AHR AR B 46 FH 5/, B4 & Bk 4 & 45
P, W& A Bk $0e, AT f0 24 30 A B0 Ath 7 R 72 14, 01 AHR B Y ThEe . Lk, 3%
) BELT XoF R PR R IR () B A 5 - 5 40038, BN, 55 PAS—B 5 #18 () i 1Ak &5 & 45 M9k Bl el Tyr310,
Phe324. His326 I Arg352 ( WA B XM T A AHR) MR h 4 A S EA.
R, AP 51 AT AHR 2 JREIAIA Y, H S RCEY ThRERIFNE . I R] B P
BT 1 AHR 2 R SN / SiBR IR . T PR 4E BE TR A I AR 2 K& B L 51K .
AHR #HIFI 2 D4 AHR WEME R 2R 122 LA B XWFERE . 2R, fLdkth, Ik AR &
YRR 2R TRIIR . "B AR SR I A I AR y5ME f9 2 MR / 8 23], AL
e, BT A S DU SEE B P A TR A I . AF ] 28 EE -9- R F Wy R - 41 - &
Z AL (EROD) RE, i3 7 o2 H A VR SEFREE K] CYP1AL B SRR I&, 4 00 AHR 35 1.
Al Heth, 1 RS EEE S AR AHR V5, RS EERR LB A E RN T (DRE)
kit B F R El. BT AHR V5 I AR B P02k 1950 78 A 30 i S ) VRl A FF
I
[0041] L th, AHR 3M&HIF R /DD THEW.
[o042] FEARKHIIB I LW /Ny FHEW” £—MHyFE/NT L0kD. /M 5kDa./p T
2kDa. /T 1kDa BN F 500Da BRI T PLEHh, BT/ N FANREY . ki, o
WRIEA KA/ NG FRARBZEER, Iy SBIAREF, LS AR 2k, WiARE
SCHBTR BV, N5y F BT UL T & B, FF HL AT DAL 2 4 A T 0 408 75 76 19 AHR 055 i 102
SCEEH . AT, N FRT LUB PR IR AR RAR SRR, T 4H 4R 40 M s AR ) AR
15 o R, A0S BSR IR —AEY) EW AR SIAEY . SR, 2% UL AFE AHR /)543 F 360 57 B9
HAbsk . Fln, 7- BiAE E B2 AR H B0 AHR T4 M HEIF) (Savouret2001, J. Biol.
Chem. 276 (5) :3054-9) . ,
[0043]  7EA R B FTIEI— ML R SEIE 7 b, BTR AN TS R YL & SR E AT
). o
[0044]  “AHAAL A WS AT AEY” H T ASCH, 2 3R EH 75 vk ] AAE Y HE A 4R
SHEY A RIS RN Fo BE, NS FREDAL SRR =Y, K, 8k BN IE
i, IR FAE AR =1 AR B EN—ANERIEN LT R, T tEY L 5 YL
HTADRFBEWSKEATEY. SUEH, BTl E ek AT 4EY £ 3, 4- — R LT,
3 - BHEE -4 -EEEE.4 5,7 ZRERE (FEEEE ) 3 1- BE -NN-[2- F
B -4-[2-(2- FHEE) THRUREE ] S -1H- M -5- BB . EARPIFTIENA—AE
RS HE T T, FREDL AW EY R AR (resveratrol) ( R -3,5,

9
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4 - ZRETHELSE) HTEY, REBRTIIRTRREEFIURRE R TREE.

[0045]  FEAKBITTIER S — MU ERTT RKP, KP g b FHHEam2BREUTE
A (D FIERLEY -

[0046]

[0047] Hrp

[o048]  (i)R' 1 R® f itphsri BREEL C, & C,, ke,

[0049] (ii)R*ZE R LI TR A . C 2 C, B FEE C, & C, 582, f
[0050]  (iii) ITE&ARRWREH N .

(00511 RERHh, BEOLEHERA TR (ID & (V) £— M EY -

[0052]

Meo™

110
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S SOME

[0054] B F-FHA R ELEL B 1L FFF W02007 / 128723 7, HAHN A

HHWBETIAALPENSE .,

[0055]  TEA A U7 M I — D EALERI SETETT ZE 7, Frik AHR 305 2 5 Hu 45 & I 90
- ) AHR 25 E HHU A

(00561  fnA 3¢ HAthth 77 e B 1 RSB “HUAR 7 T A SO, Fe BTE 288 B9 e i 45 & AR

Lk FEINE] AHR SEHERIBUIR . DRI, AR B HZIDEIME T A R A A TR S & 4
 MSERET AMR £ KR AR AL, AT RS SR ML, FL M it EL M) AHR 35 T ) 45 A RALET LR T AFR

9 DNA 558 5 4038, BRALT 5137 5 ARNT 2 ORI 46 P B G508 o 8038 10 5 8 AR S0 v

s AT RER T . Htb, 245K B PO R 2 T ML IR 2 SRR LI SR B k& PR BT

MZPL R a  BREBHTAEY . SR AEREPUA P XA A BT AT A0, B3

11
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FERPLE A BEIBLIR Fab F (ab) ,Fv 3 scFv f B BOX e HT i 3 A il — A 4L 22 S M B AT
£ EARRATIER ET AP FERNER NG E, B AAS ML RN RN, 7]
ARG R WSS .

(00571 —f&%Hh, AJ{¥ FH P Harlow and Lane” Antibodies, A Laboratory Manual” , CSH
Press, Cold Spring Harbor, 1988 i ) 773k 3 HT A S By, WiEE B/ E
BER SR B BRI (PLEH, BUe /) BRI MF & B E AR S & B DA
(Kohler 1975, Nature256, 495, and Galfr61981, Meth. Enzymol. 73,3) . {Li%kHh, i EHFA

ERF AL S R MR B I3 . RIEE R RE, AT AR S e R . XA
FIE S ELTS, PRI HE, B8 B B WEEES, In R B AR AR T IS M R, Qv I DR ARG L
M)A i -3\ 12 - S O 1 N s = 2 B 2 L 8

[0058] TEARKEAFEMIS—ADEHEHFRKF, L& AHR #%15)2 AHR & A& & B2 8 kE
) AHR B By AL R H (ARNT) .

[0059] A& “AHR FHIEEE H (AHRR) ” A FASCH, 8 — A 2 Y £ 1t ¥ 15 AHR F00 AHR /
ARNT & & 875 B R IR R . RiEH, AR SCH 3 K FI47R9 AHRR £ BK 0 2 % HER DA K
AHRR % Ik R FE B2 /5 & 5 10 Genbank B35 BC151852 (GI :156229770) Fizn. miH., R
P AR B AHRR £ JKAT L2 DL R38R K R 8 SR FIREE KA, RS- HE
MEF BRI B A / BRI 2 ZE R ARG S mEHEEREE — &
ZANFAERIACBREA /7 B, B, RIBAR AN Z IR K. ik, ZEFRZ A
G5 LR EMZRFIIELED 0% . 20 50% .80 60% .20 70% . 20 75% R/
80% . Z/> 85% . .5/ 90% E 95% /b 98B ELE /D 99% [F— WIS . i H, ik
Hi, ZEERT AR UAGRIDES FAEERTFIIEELE D 0% . 20 50% .20 60% . 2
HT70% 2> 75% . 20 80% .2/ 85% 2/ 90% 2 95% 2/ 98% B F /b 99 % [R]—
MR 75 IR IR P 5 o FEA SR A LA e 5 VEGR A FF T Wl T R AN A 2 551 2 8] B
AR — .

[0060]  GALA bisi i, ASTE R & IARTE B B 0 2 % B SR R 7 5 B AR
RV ARNT 2 BRI RIERRA, MATR LB 3. M H, XL RIE K ARNT £ JREiigH i £
ZE R AU 2 M T ER ARG REA R o Rk, RIS AR, A LS B E
TRERERANEEEBIENRILRE ARNT N EBERNEERSE. EANEARE
FURAME (L)

[0061]  ARiE“AHR ¥ S MM (ARNT) "M FAIcH, 15 AR BRETFHEEEAR. Hiks
AV T AR 4 o ARSI R BVE A AHR $DEIFIES ARNT £ MG 4R 8495 15 AHR 4
BAEMMZ K ARIIAIL T 500 80519 AHR / ARNT & 440 i & (1 A AL b
i o WET YR PSS B3I ARNT 2 R A SUSAE R A R A SN« kM, 2530 R
it (RAS R ) ARNT £ BR G 2 2% EF BR U Genbank %3R5 :NM001197325. 1 (GI :309747070)
BT, ik, BT ik £ % H B % 60 B4 40 Genbank B 52 : (& £ )NP001184254. 1 (GI -
1309747071) FTREERFIIRZ K. T E, ARYE 4k BB ARNT £ K AT LA A2 UL _E32 R B9 2
ARNT £ H IR Z K2k, LR EE—ANEEMZEREUC SR / SR I 2 EE
BRAS AL S B TR R B R AH — N EE DN E MBS AT / BA I, BT, 4R
WARMEZ RN, ik, ZHRTREAXEES R ENZRFFIFELZE D 0%,
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2H50% B 0% EDT0% . B T5% . B/ 80% B/ 8% B 0%. B IB%. R
> 98% K ZE /D 9% R —MZERFF. 1 H, Rk, 2RERTATUAERIDS LRE
FBTFIELE D 40% B0 50% . 20 60% B T0% B/ 75% B 80%  FE /D 85% .
20 90% 2D 95% . D 8% E /D 99% Fl— R R TFIRIKIRTF . fEA TP IIHE
MR T LA FF T Qi vHE B AN A B R F R F 5 R — .
[0062]  AHRR % JKsk4ntd H L L H BT B A PUR A NI VRSN IRITREA M.
AL, IRIEA K B, ATLLE R B B RIERAMNBE R EBENRIDRIE ARNT 2 KH
BRHMEBERG. EEHEARR AU A RE, 240 Gardl1k2005, Med Sci Monit. 11(4) :
RA110-21 ;Salmons1993, Hum Gene Ther. 4 (2) :129-41 F#EAR T,
[0063]  7EA R BH A IERHY B — MR RISEHE S S, H AP BTIR AHR 3MEIF R B INEIF.
[0064]  “HEERINFIF” B FASCH, B AR RS F, BRI URLIT 5 LidFid
iR 75 R &5 & 2 R MH] AHR £ JKiE o, siE 1R T 5415 AHR KL ZEF R E A
M&GE AL EERZER S T, HINEH 2 % E R o @ E. flan, MR Ed
T4 AHR ZE R IERREE SRAE N Z B e T TR RAEAE M . T L, MR w] LU %
B, FUs i as & FF PR A8 AR 4. T B, AT DU BB 45 & IR R E D
I AR R X (K8 ) « siRNAL B microRNA. J5— 2874 B4 i 1 B8 B R AR 78 T 3L
BEAEE AR EZMPRIFHEAZERFS . ZEAMNFIINLEEK, AN YEEE
A E W ICECRZE BR, AT RV S 4 R R R 24al . A s Bt 75 Brde i
EFESRELRSG, ZZBRIEFGEBAREEARPRIE. ik, ML S T RE%
FERIEBHIFFFIR PR T HRE . B, 5848 R 5P 5115 RNAL R $, LIS
RERREE R MR IE, TR RIE &6 FFHIBE MR RIBL. W tet ATV, T tet AT HIVE
M YRR AFE S B FREMERAHARR RN B FRESH TR, B2, %
BRI R T HR TR 45 3 R A% i
[0065]  [AITH, TEA A& B 5 1 55 — AN AR IE RO SEHE S B 7F, BT iR A% BRIMBIFIE B %58
SOy F I EEH R ERCE . microRNA Fil siRNA,
[oo66]  IRIEAR A “HEE” ZEE S AR XY EARIFFFIA RNA 20 F. T H., %5
& RETELE AHR B Y P 5 R R IR — e @K AR BURZ R P 51 o KRB A A& BR P ¥ B A% B AT LLZ B
TR BYHE SR LR R AR B VS IR, AR R AT A A, AR TBHR N R B W
TR A IE AL, R E Y78 55 L, 40, Khan2006, Clin. Chim. Acta367 (1-2) :
20-27 ;Kalota2004, Cancer Biology & Therapy3 :14-12, ' '
[0067] “®R X F” TR, 185 AHR R BEANIRIT MR X RNA BUREE 456 AHR
Y YMARE TR, BEOMAREZ RN AR AR 2 ARG A M, S,
% #0 Kalota2004, Cancer Biology&Therapy3 :14-12 ;Morcos2007, Biochem Biophys Res
“Commun358 (2) :521-7, :
loo68] M1k FAZEER A T A SCHb, ik i, ¥eEE 95 45 & $EARZE K 40 DNA 4% 52 I X 30
T SEIRAE R PTER (BB IR e B L H IR ) 9/ XUBE DNA 73 F, B e 1B 5 1H
R TR EES SR EENEREFOELTR. XERREEM
T TR, T B A TREE AT P DA A S R (15 M Kalota2004, Cancer
Biology&Therapy3 :14-12.), ‘ ' v
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[0069]  R¥E “IEECIA” FHF A, et T 44 AHR ZAKIIZIRIERC k. Wi fF A, 6
WA R EENEAERL L (SELEX) A, TAERER A M (pool) . BERIEIES
BRATHLEERE S AR LK ER K. £ RMESHER AT, HETEASEEH
R L6 18 I 4, SRR M AE T AR 45 A SR AR LS A, BRI RE s S oW AR IR L LB A
BRECAR. B T4 BUEBL A MEAR 2 AUHE A S 55 0, #1140 Tuerk1990, Science. Aug3 ;
249 (4968) :505-510 ;or E11ington1990, Nature. Aug30 ;346 (6287) :818-822.

[0070] FEAKHAE N LR “microRNA” ¥ 4% RNA 43 F, H 5 AHR B XY+ A5 M RT
)2 D5 T4, microRNA EH BB KL 19 £ 26 NMEZHERKE . microRNA 1E 4RI AE
%, BNFTIREY pri—microRNA, FTiR pri—microRNA B & e 45 MIFNTE B R e X HI AN B 4M
HEAMNLIH . BEAMEBRFS)Z —& microRNA. pri-microRNA BH K4 70 MEHREIK
E, HAEREAR A M R 4 i T A Al B mi croRNA. 3 microRNA REH% 18 i B 5 H 4958 5 %
SRH) mRNA R iF e E FIAEERIE. WM microRNA BL & H pri-microRNA g &2
AATIREE RN A HH . Fr B, YR pri—microRNA 43 FI B B xMX 384k B B 4N X 3856 B
£ Bk B B AMNX AT A A& 2 D S AHR # R E MY — D A E XI5, microRNA $
AR#ER T, Hln, Bartel12009, Ce11136 (2) :215-33, Trang2008, Oncogene27Suppl2 :S52-7or
Li2009, The AAPS journalll(4) :747-57 9, ,

[0071]  ARIEA K BIPTTER “ 48 &K J& RNA (shRNA) ” B 5 FiR pri-microRNA ABALLEI£5# .
B2, shRNA BEEKE L. SRR, /BIE AR B e rI/E R AHR #1#HI5A shRNA
A E W SEQ ID NO :1 & 4 F— /NIRRT 5 FIZEE /> F el 54 b ihdn SEQ 1D NO :
1 B A F— NP IER A R IR 2 F . shRNA 9% v F 8 P B A AT 2 40 i, R
F McIntyre2006, BMC Biotechnol. 6 :1or Cao2005, J Appl Genet. 46 (2) :217-25 .

[0072]  ARTE“/NFHL RNA (siRNA) 7H8 A XUk RNA FIKIZIR 7 F, H 5 AHR # XY —H 2
B AN, HREEREERXT . siRNA GBI Rt T 18 0 M 0BG 0 R FE4E R, NP1 R FR AR
RNA. FEfH siRNA TR R M, UL S RNA BEARATEIVETE, siRNA BEAE 5 &L ¥EFR RNA 4%
BIPIE], T RIESEAR RNA 43 . fRi%, & LU RNAL () siRNA B8 I FIZIR 5, &
AALFR R R R 1 EE B BRI BAREE R RIS R (BHEE4 ) - siRNA BB #MX 55 214 siRNA
ARV EHER RNA 2438, T RNAL. ZEMHELBIH, siRNA & K4 19-25 MZEH R K
fE. siRNA AT E BB K LIEFES siRNA FIELHR RNA 8 B AMEEEX fIAE B /E A —&.
SiRNA K EME R TEET 10 MEFR, B 28K LIS #bR RNA f2E AR B /5 45 51
A2 15-30 MEHER ERAIHLE 15 2 30 A M E R BEA R S Uik 15.16.17.18.19,
20.21.22.23.24.25.26.27.,28.29 130, R K, B A THET 5 MEERWEZE
M2, HACHR 2 RIS T TR B A ThEE . T2 2 MAHE/ER, B/ T3 RNA S5 5EFR
ZIREIAH IR (B, Bl A& T SR P R EAMEZ TR RER ). — RS,
% H FMEE R siRNA 5 RNA EFR 2 [E]FY 100 % B9 E #b, B2 R FE, v LI F 100%, ik
91%.92%.93%.94%.95% .96 % .97% .98 % 8L 99% . 40, 21 MREEF AT 19 AMREEA] LL
THFEEC XS o FE—Se) o, 2475 58 70 7R [ S 1 Bk R A fA 2 1) 36 4 ), 3 T ANF A S £ B R P
PR R R A RS, TS 100% S8 bRFE R B kb o 5 K A8 RNAL ZE 21k, BIRTE
S R SRR R AN FLEh R I EREE R 0 5 i, R AR TUR A SN (B0, B, Firel998,
Nature391 :806-811 :Fire1999, Trends Genet. 15, 358-363 :W02001 / 29058 ;§02009 /
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932619) .

[0073] &S5, — MM 5, A KB IEHF K AHR FHIF], P i b A< SO 2 SCH) AHR #4157,
FTIEF A/ BT S5 3 i B R IR -2, 3- SUMAER (TDO) & HEAR K AYEE o

{00741 &AMk, 1 Trp BEAR SRR O AR AT % 9 S 5 3t 25 B VA R TR 40 MR B
SIWRELEE P 1D0 ARG WE M. RITT, 1DO 3P B B4 P4l A I RS Bh VA T B AE VA TT 5K
B, RUE X AR 4l M — Lo SR . AR AR R B BRI AT R B TDO SRZU MR 1K T e
H, [RIREHDBE 05 7= 4 S R $0HIY) Kyno 7E 1DO FAMEAR RS BB 40 B, TDO & ok 2 4 &Y
Trp AR £ 22 g R 2R, R B TDO AR T MM BURIRTT P IFTIATIE A . SER b, ik
FFR T B EARA A A9 TDO 301 BT RAR T A RRE! Trp ARSI IER TMHESRE
SR YRR AR M R B BB I, TDO FIFM I ] BE MUK & T 5o e B e S N, -4 A T
oA A R A . ISR YR ) AHR B RTRI(ZEEE R - AHR FRYIB0HE {2 138 R AE 40 L )
FREREIRE . RAAMIEER ABR FEE RN B R B RUMIE, AHR #5157 (AHRR)
T Z M NRIE TP IR SR . Ahr— SRFE /D B S E R AL 1 A YR AHR BLARAFE. R
AR R IE L RARE =Y, e TR - ) IHLL R L cAMP IR 6 P B |
W3t [3,2-b] MM (6-formylindolo[3,2-b]carbazole) (FICZ) #% 3 BH 2 AHR 305, HAE
T LA BRI, AR AE BR S BE I RO FRERE P A Dh RSB A A Ui IR T HAAESE « BRI, 34K
AHR B A YR SR TS AEHEAT .

[0075]  MRIEAKEH, BEILRH Trp AN FEAHR BHGE, (A7 T ) 2 5EEHER
XN EEGRRE, FRMAT 57 B BHITYREAR K A VE ARR FLAF 5% B N E MAE 5%
BAEIRYE . AR AT RIS RIER T R R A S AL R AE 4R BRXT AHR A 215 S HY
AFR R, X518 A4 BN AHR BL A, TCDD 1 3-MC M MEEEMA—H. 2R THE
A AR S 5 S N ) A, RINHEAR R BURAIE A, 5 S A . X4 AHR 1
FH A4 MR S B 22 3 T REE G TS B H I 71T ATR 15 5 /2 S A9 & BBl 793R 15, 21 AHRR, DA K&
SE BT AHR S0 B s B 40 s 7 0 3 Bl T BRI IR IR . Kyn /Y AHR 0 AT REAMY
SREREA K. BN, Bz BRSS9/ BRAIA AHR 35 3 W T 4088, A B
&, A SMEEC AR, Ahr— SRFE/N B2 B ONS B (R4, T Trp A F=4#0 ] CNS
B A5, UEBH Trp 2 fRACHF BBGEAER T i AHR PR JE B P M B . SEBR B, 4h
U8 Kyn 3@ 33 AHR 25 55 /)N B 5 75 40 0 TR 715 o 70 5% 28 JE T IS R B 1, ER TDO 7= A6 2 BAIE AHR
A Kyn R E . FEB KEX L, BRI IE X280k B TR MR G A KA X I, M
ISR B P (8 Trp 3 AE AU 3 80T I A R R0 Se e H R I , 28 X0 2 RE 3 5 v B
Kyn 7= A4E 1) AHR 380E 7T B4 L2 BT A IR IR RGE AR R A Bk 1.

[0076] AUt A4S 5| A IO ITAT SCHR, A48 S A2 0K A4 TF 59 Py AR A e B g 42 S I Y
B AL HE%E. ‘

- SRHE | -
[0077)  BLAEA K BIAF 3R LA F SEREM), (L , L3 B BR A 2 B 1 e
[0078]  SEHEH 1 PRI — 7 i o |
[0079]  &f AR5 |
 [0080] 4 ffL B H SR VR AN T 4 M e AN O T R DR AR ANR T o T B M 2 TR A
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SEA M (GIC) BESL T Bt YRR M iR, FEAE SR — CHAIRME Al . 3 WUAG I A A 40 P fY) 48
75 Gk, {F F AN Trp f9 RPMI1640 (Promocell) 1 i8 W) ] FBS (Invitrogen) £ A & Trp
(74 4 T 85 38 40 . L-Trp A1 L-Kyn K B Sigma-Aldrich. T3 ZE -y (IFN-v) K H
Immunotools (Friesoythe, % [E ). TCDD #1 3— B & AH B (3-MC) 3k B Sigma-Aldrich,
3,4- —  H E # B (3,4-DMF) K B Alfa Aesar (Karlsruhe, % & ). TDO #)1 ] 5
((B) -6~ 58 —3-[2- (3- WtBE ) Z &%k 1-1H- M5|RE ) 680CO1 ZENRNE 77 /£ i i 45 & 6- M5
Wk ~3- FEEFINLE -3- ZERT& .

[o081] /MR

[0082] C57BL / 6N A0 CD-1nu / nu/MR¥ B Charles River (Sulzfeld, 2 ) . Ahr— Btk
/NE (B6. 129-AHRtm1Bra/J) i Charlotte Esser (Dusseldorf, #[H ) E&EIEM. 5 Ahr- G
Fa/N FRE RS UCEL A C57BL / 6Nk B Harlan Laboratories (Rossdorf, fE[E ).

[0083]  TDO Fi&4M

(0084]  J@EIT AL AT AR E) TDO ik, 1 TDO & B i bk B ok P R Ak 7 8 L
5 Trp FAERIAESCME . 1 HPLC B A iy Hig  NMLiEF R BEDA LR P Trp A
Kyno 4§ ARG B 40 H N R BE A PR 2L 4R A (¥ ELTSpot 5 40 R e 2 ik VAl TDO W5 1
MR BEVE R R 40 B R EA 2 M7 ZE TR AN ER R AR R 23R 50 L RITR A58  BR T i 3 36 0 7 [
RARE 5T TDO &R B W ER . B s eI R ALK RNV R TEm, 4
EHEHMIFT] . ¥ AR 2K TDO 2 ER M M A\ #h & i PR 4 ML R AE 2 CD1nu /
nu /) B, R IX e 40 M 7 R VR AT BN A NK BREFAEEY T CD1nu / nu /D BR H BR Tdo— IEH
Tdo— HRIAHY GL261 40 o B T VE&F B[R ZR 9 C57BL / 6N /IR, LAY M 4R PR TDO V& P I B 23 3
Ansg oW o AT Kyn ACTE B9\ 1 25 B8 J508 40 M B0 A8 B 41) 43 A7 » DA 38 F Kyn BUB IR
BHESHAE, AHR 47 47 DRE 32 0% 2 BHA L AN U R 7k 4 &R A T B Kyn AT BUE
AHR. ZHH2EHNHIFT AHR Foow R AR (RSN ) ESE T Kyn BIYERT 2 AHR HORIRT .
{8 FI45 Tdo 1E5F0 Tdo SRBaE ARG 20 MUyES B Ahe+ / + F0 Ahr—/- /NR AR T T8 EER R
TDO A S IE IR I TR e, (A BB AR UL 6 B B PN AR Rl IR B St 7
TDO & 75 ¥4 iE N 7P 1 AHR, RA R Han i g2 4277

[0085]  EH R RLEAR (1L (HPLC) 2347 Trp A Kyn REE

[oos6] A FH A H e AR E M%) (PDA) A&l F Lichrosorb RP-18 #£ (250mm x4mm ID,
5um, Merck, Darmstadt, 7 [E ) f% Beckman HPLC #4T HPLC 2 #71. JW5E 3x10° AN4H M 1%
FRFEA Kyn I Trp FIIRE . ERBNEREE, I 24 4] B B4 fess B3 (10 B4tk 14
5l B RS R B)ME 54. 5 %) 1 24 IS MBI VCEC A g BE T R (10 Bl otk 14 9] B3 M L 4F
W rhlEfE 53.5 & ) RE\AMIE, 728 Trp F Kyn IRE. J T M5E UST RAEAEY -+ 1] Kyn
R, VIR UST My JFREE L ZIFE A P KR e

[o087]  sE& (@) RT-PCR ’

[0088] {¥ FH Qiagen RNeasy iﬁ%ﬂﬁ%ﬁ%ﬁj\ RNA, 1§ FH Applied Biosystems 1¥i % 5% 3 7
% (Foster City, CA, USA) & B cDNA. {f i SYBR Green PCR Mastermix (both Applied
Biosystems) \7E ABIT000 #AE A3 85 i 47 QRT-PCR. KIS M4 DNA £ & b —
NG TS TE, LB R I 40 DNA. S0 & 3k RT SoF HR BLIE RS AR MY « LA J 5 it v
P R R IEC 73 B A 22 PCR R A BRI A bR v o B B (T R A 1Y
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FEXT 72 & o P 45 RAENT GAPDH J4—4k.

[0089]  siRNA 5CI%

oogo]l X T F B E F& IDOL(INDO), IDO2 F1 TDO(TDO2), 1#f FH Dharmacon RNA
Technologies(Lafayette, CO, USA) f] SMART- ith siRNA. #UkRFA)E0F TR «

[0091] A INDO(Genbank &35 NM_002164) :

[0092] 5’ —UCACCAAAUCCACGAUCAUUU-3’ (SEQ ID NO :5) ;

[0093] 5’ ~UUUCAGUGUUCUUCGCAUAUU-3’ (SEQ ID NO :6) ;

[0094] 5’ -GUAUGAAGGGUUCU GGGAAUU-3’ (SEQ ID NO :7) ;

[0095] 5’ —GAACGGGACACUUUGCUAAUU-3’ (SEQ ID NO :8)

[0096] A IDO2(Genbank &35 NM_194294) .

[0097] 5’ ~CAAACUUCCUCAAUUGAUU-3’ (SEQ ID NO :9) ;

[0098] 5’ —UUGGAAAGCUAUCACAUAU-3’ (SEQ ID NO :10) ;

[0099] 5’ -GAGUAUGGCUUUCUUCUUC-3’ (SEQ IDNO :11) ;

[0100] 5’ —GCACCCAGUUGAAGUUUAA-3’ (SEQ ID NO :12)

[0101] A TDO2 (Genbank &35 NM_005651) :

[0102] 5’ ~UCAUAAGGAUUCAGGCUAA-3’ (SEQ ID NO :13) ;

[0103] 5’ ~AGUGAUAGGUACAAGGUAU-3’ (SEQ ID NO :14) ;

[0104] 5’ -GGAUUUAACUUCUGGGGAA-3’ (SEQ ID NO :15) ;

[0105] 5’ —GCGAAGAAGACAAAUCACA-3’ (SEQ ID NO :16)

[0106]  TDOAshRNA IF X :

[0107] 5’ —GGAAAGAACTCCAGGTTTATTCAAGAGATAAACCTGGAGTTCTTTCC-3’ (SEQ ID NO :17)
[0108] TDOAShRNA Jgx X :

[0109] 5’ —CCTTTCTTGAGGTCCAAATAAGTTCTCTATTTGGACCTCAAGAAAGG-3’ (SEQ IDNO :18)
[0110]  TDOBshRNA IE X : ‘

[0111] 5 —TCATAAGGATTCAGGCTAATTCAAGAGATTAGCCTGAATCCTTATGA-3’ (SEQ ID NO :19)
[0112]  TDOBshRNA Jx X :

[0113] 5’ ~AGTATTCCTAAGTCCGATTAAGTTCTCTAATCGGACTTAGGAATACT-3’ (SEQ ID NO :20)
[0114]  ON-TARGET plus siCONTROL FEX¥E#Rith (D-001810-10-05, Dharmacon) FIA & siRNA
% Gty FAE R PEXT R . AT B Invitrogen HIJETT/E RNAIMAX 45 4440 ffd. H oRT-PCR
o3 B B R PR AL

lo115]  Fasw (02 Rl B 4 it

[o116]  {# A FUGENE HD %% %5 (Roche, Mannheim, f2[H ), K i& sh-TDO f*] pSUPER. puro
Jify (0ligoEngine, Seattle, WA, USA) B TH#3TIE (scrambled control) #£ 4% UST AHL:
W T A M o B 5 T2 /NINE K R AT F A 51 g/ml ERPS B E (AppliChem GmbH) ()
DMEM, 4 SR ¥ % 55 SMAR B, {F sh—TDOA. A T 4 LN308 #H £ i B4 i 2 R R B ALIR, A
Clontech (CA, USA) 3K T pSingle—tTS-shRNA B ff, 1§/ Xhol / HindIII FEREML &1, 4
UL ET T ShRNA FHIRI4 4 Xhol / HindI1I BERIE K ds B IREE A, AT
B/ AHR BB % Xhol / HindITI &3ERY] TDO shRNA UBRHIHE K & 501 F Fiow -

[0117]  F4h shRNA [ X ZE R4 HF I - o
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[0118] 5’ ~AGCTTGGATCCAAAAAAGTACTTCCACCTCAGTTGGCTCTCTTGAAGCCAACTG
AGGTGGAAGTACC-3’ (SEQ ID No :21),

[0119] 3 shRNA IE X EHHR

[o120] 5 ' - —~TCGAGGTACTTCCACCTCAGTTGGCTTCAAGAGAGCCAACTGAGGTGGAAGTA
CTTTTTTGGATCCA-3’ (SEQ ID NO :22),

[0121]  AHR shRNA R X B HR -

[0122] 5’ —AGCTTGGATCCAAAAAAGCGTTTACCTTCAAACTTTATCTCTTGAATAAAGTTT
GAAGGTAAACGCC-3” (SEQ ID NO :1),

[0123]  AHR shRNA IF X BB

[0124] 5’ ~-TCGAGGCGTTTACCTTCAAACTTTATTCAAGAGATAAAGTTTGAAGGTAAACG
CTTTTTTGGATCCA-3” (SEQ ID NO :2),

[0125]  AHR shRNA Jx X EA%E R (Dharmacon siRNA#6, AHRAHR siRNA ffJ Smart b ) :
[0126] 5’ —AGCTTGGATCCAAAAAAGGAACTCAAGCTGTATGGTATCTCTTGAATACCATA
CAGCTTGAGTTCCC-3’ (SEQ ID NO :3),

[0127]  AHR shRNA IFE X E#%E# (Dharmacon) :

[0128] 5’ -TCGAGGGAACTCAAGCTGTATGGTATTCAAGAGATACCATACAGCTTGAGTTC
CTTTTTTGGATCCA-3" (SEQ ID NO :4).

[0120] ¥ IE 4 ;15 % 4+ & LN-308 F1 LN-18 # £ & R 40 M8, H Img/ml 37 B/ &
(Sigma-Aldrich) E#FERERHA. FH 20 e / nl BHER (Sigma-Aldrich) # %
IR ER, 5 505 T2 1B M. G0 SREH B AN, {# sh-AHR1.

fo130] FREMIERE

[0131]  {# FJ FUGENE HD iR 7 (Roche), i % i& Tdo cDNA(NM_019911) [ pcDNA3. 1(-)
(Invitrogen) BYF &KL GL261 A0, {FH Img / ml HE X (Sigma-Aldrich) iEF T
B A 41

[0132]  ZHZRbRACHI G e 4H AL

[0133] B EVIR 3um Y], /£ Ventana BenchMark XT®§'EJ’T§%@ (Ventana) , F 4%
BEBLAIM T A . BT #47 TDO Y2 B 247, (£ A6 B4t (Olympus BX51) , 7EAR
RUERHORRMEF (200x) T, EHAT F EIF G EKIREARE 5 LR ERE.,
[0134]  AufEFRIH

[0135] A T HHT BT th, 78 Ventana FMLIATI 28 F, & 30 AN FHIPURIE R
&, FIRHTTIP ARP(1 © 50) FI/MERATLLCA(L & 50),7E4°C 3% E HF TDO (LRIEH M
Z2 LR ) 7 0 TDO Bk ik (A R B U U o SR VG, EFH P Hi R AlexaF luor568 (1 1 500,
Invitrogen) F14rHi />l DyLight488(1 : 100, Jackson ImmunoResearch, West Grove, PA,
USA) WREHUA 5 /pit. 78 Olympus BX-50 B#4E T (0lympus GmbH, Hamburg, #2[E ) . H
Zeiss Axiocam MRm (Zeiss, Jena, i [E ) #3945 508 A .

[0136] VR-EEZHMR MY (MLR)

[0137] 7E96 FLFEHR L. 7E 5 H 10 % FBS.100U / mi HF HE Z A 10010 g/ml 88 5 & 1
RPMT 1640 =2 b o1 25 152 S50 40 Lo B 24 /RS, AN 9 U1 2x10° A58 5 1
(30Gy) PBMC Fi3f B AFEI A1 AN R 2x10° 4> PBMC. 24T 6 K MLR, F [3H] - FF
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SEWEF (PerkinElmer, Waltham, MA, USA) k5354, B4t 28 /b 18 /M. W34 ML, B i iR]

MRS B B R R . AN SRR PBMC A E R LK .

[0138] #R&EFIRE

(0130]  WIIAMNA iR AR A EAT N AR /1B (renilla) R, H T HAT

DRE X 5/ B0 AN (7] Trp AR 7= 90 ) S B & L BRI 2 20 7 5 48 A pGL3- J& B F 3R BTk FH %

& ki pRL-SV40., K& # 13 A OL E B Dual HOLERE (Promega, Heidelberg, 75 ) .

[o140] ZFRIRE

[0141)  ZEEFHSRE P, (FH MM AR 5 ML B R i S s iR

40 R EOF ML 4 HR 2%, 308 HRR A AEXT T X B AR 2 E 4t EERREIRE A+, 492k

RAETE % XA B RS 0.24.48 F1 72 /PEHAZRH . XTTFEESHT, FH Inage]

T EAE 24 /NS %) B 8] 18] B 0 2 48 5 B 1) A 1 1R 28 A e 28 5 088 400 L BT 7 = 11 S S TET AR,

H S 0 /NI FAREE o

fo142]  ERBEANZE

[0143]  {FFARHER 51 8RB BGRLE (BEAMNAITTVR) 43 07 o 1% 40 MO 40 AR 55 M O3kl o 5 S

R E LTI [ SR 510 B - B/ ] / [ BB - /ML 1x100.

IR A Z D 4 ANARFE P PBMC AT .

[0144]  EERSIEBE S H AR (ELISpot)

[0145] MA@ B C57BL / 6N /N R B 88 7 & W SRR 40 M (DC), FE 1 R 4E& 20ng / ml

GM—CSF (Immunotools) £ RPMI1640 H,5 K. M FRIE 69/ R AR R R, JF @S 40-vm

40 B cE S RSB . 204 Bk 244, {1 FH pan T 48 M4 B iR F & 11 (Miltenyi GmbH) 8 MACS

DT M. AP IFNY Fi{f (Mabtech AB, Nacka Strand, Sweden) fJ ELISpot AR
(Millipore) E#:FH 2x10° AN DC, Jf A 7€ PBS 1 R R IRALIE I 7= 4 1) 10 1 gGL261 RAFRIR

k¥ 4 ZNEE, WIRE AR 1x10° S T 4 . 36 /it a, i H A E4L B IFNY JiiE &

SRANE ~ALP F1 BCIP / NBTPLUS Mabtech) #3ll7=4= IFNy #9 T 40 B, 7+ 4 ImmunoSpot

Analyzer (Cellular Technology Limited, Shaker Heights, OH, USA) £ .

[0146]  AHR B {7 K946

[0147]  J5 T AHR 53 £z, ¥ &L 7000 457 GFP ¥ric i) AHR £ Tao BpRelc 40 Ml % 55

F 50 u M Kyn 8¢ 50 u M Trp, #E& 3. 7% B EEH PBS & 2, £ H7E 0. 1% Triton X100 &

{t, 5 1ug / ml Hoechst33342 (Invitrogen) W&, 3F7E BD Pathway™ Tmager855 b {# FH

20xU-Apo340 #14% (Olympus, NAO. 75) 7EIAESLAEAR AT % 1# H Attovision B4 (BD

Biosciences) Ht— B/ iR ek g o 546, 18 505 ENZE B 88 LN-229 11 £ Jid S 985 4 R 1 48

MR FI 40 fo B P ABR BRE A8

[0148]  F 3H- FRic Y Kyn BB PERC A4S &R0 :
[0149] M Quotient Bioresearch (Radiochemicals)Ltd. (Cardiff,UK) 3K/8 B4 11Ci /

mmol ELYEMER) L-3H-Kyn. M B Ahr— IEH F0 Ahr— & BN BUA /I BORT B 40 B v e 47

5 L-3H-Kyn M4 &A% . 15 FMHLE S E X Ahr— [EEF Ahr- §i b MR 18] BCrHE o i 2=
[0150]  Ehisise | - | :

[0151] ﬁ?ﬁ@%ﬁ%f’ﬁﬁﬁ’i&ﬁﬁﬁi%fﬁ%ﬁﬂ?ﬁ‘éﬁeﬁ,#z‘%‘%fﬂﬂﬁﬁﬁr‘ﬂﬁﬁo NPy v
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JE3 4 B B2 T VR ST B AT AR RE TR RS AR B S R 6-12 IR TC AR /N B (CDInu / nu) BYAMSOR
fh, FEata. 7ERR A0 MEE ST PR AT, THaR B 1 B R IR RS v 5 G BT K MRV ER GML B g (Wako
Chemicals,Duesseldorf, f[H ), L2 Bk NK 4 H . X BRVF 5T % 1gG (Calbiochem, Darmstadt,
EmE). AT HFENL AR SRR, 75 ERERXKAKS, B 2ng / ml BIHRE /D
REHRNER. BRWESR BT TESE 6-12 FEET AR C57BL6 / N /M RER
AHR- / ~C57 / B16 /Mg ’

[0152]  fEHIRAE MRD)

[0153]  #EtE4I4 5 1. 5T MRI 34X & (Symphony, Siemens,Erlangen, #[H ) 13 F & i
FREVRIR / B2/ DE 2 BT E 3g HTRE MRT 334 .

[0154]  FHP%E5)

[0155] A 100 u M Kyn Ak UST7 #1232 Jid 5 2 4 a8 /INB B, 24 /NE, T J5 O AR 40 B, 1 AR
RNAeasy— A& (Qiagen) 725 RNA. GN7EIGRNHI 5L BN HER 19, 4 RNA AT SR 5 45
Mo X POFRALEE (8 /AT 24 /N (Kyn ACFE AT RACEERY ) BB — D HEAT MRS PEZRAT, i
SHAE Kyn R ZRAE ST RACEEE S P E R RIS K Log2 LLER, i — 5 HIEIE A AE G H M
FEFFERT . W TSR BRI (the REpository for Molecular BRAin Neoplasia
DaTa (REMBRANDT) ) 3K45I& PR S BOSEFES FG IR B (SEAMRI 5 ) o 15 F R2 PR FES 23 H7
K] Kaplan-Meier 73 #T LR FIR] AL E & (http : / / r2. ame. nl) #£4T The Cancer Genome
Atlas (TCGA) P4 A R ALZE B SRACRL R T 40 B (n=362) HUBH HIFE .

[0156] 4Vl 250 M

[0157]  HIERTRAFHE £s.eome FHEE t KK (SigmaPlot) #HAT BFM 2. P
{8 <0.05 N A ZBZEN. BT /REZEHZMI< (SPSS, IBM, Somers, NY, USA) 4+ #f Ki67
F0TDO HIAH K M. B /R B EJAHK (Sigmaplot) 43#fr TDO A AHR( & 6¢) LK TDO Fi
CYPIB1 (&l 6d) Z [B)HAR G o Sext S5 AT B 1a] ANOVA 43477 (p=<0. 001) , B ;5347 Dunn’ s
FHERGHT (p<0. 05) , RO WTHZ RN

[0158]  SEjEf 2 : EH TDO /™ A4Ef Kyn B 43w 155 40 WA E FH

[0150]  AREA K BH B9, AT fiE 40 M JR A S 48 7 77 A\ i /85 40 e, R e 22 o L 28 4
MR AN 2 I TRIB VUG AN ML (GIC) AR NEFRE AR, 4 EY Trp Bfe 0 & h e
JREE Kyn BB (B 1a) o 4 ATR3FHL, IDOL FI 1DO2 F A5 | 2 i fihJ8g b 4R Al B Trp 43 it
R A0 Hb, B3 RIS FF ) AT R Trp WK EEER 2-3- XUNEBRE (TDO),
NP AR TR 4 PR IR 1K, 345 Kyn BB RUEX (B 1b) o Z5EEZEHEIEL TDO 1Y
2 R e o L W7 77 o 8 L TR 40 MO A Ky, 10 25 ERT e B 1DOL A 1002 HWRAE1EH (K 1c,
d), R, #81A T TDO 2 N MR B PR 40 i - = 1 Trp BRAERE. 7€ AN JE bR A<, TDO
B A KT B A T3, H S IR SR (B lemg) o MIZRTHTHEER (Miller2004,
Neurobiol Dis15(3),618, f B AN ZEMN L o R ILITHY TDO e A (K. Lle) o TDO RIAA
R PR T #4882t T AR A% 3 A B th i 77 B 3k 1) LA 28 284 %) e g A 2 0 B,
& 40 g8 45 W9 - FLUE W NSCLC. R S8 R M B a2 (IR ) B #ME .,

[0160] 77 ¥ 22 i B JoG 5.3 1L 37 7 4 I B B Trp WREE (1R Lh) . X EBT] B WA B K
NS Kyn KF (B 1h) , B8 Kyn AL BARHT, FFACUH e BR . SERR b, TE3RIE TDO
(17 P 5 40 PR AR AP A T B IR ER A FR R (IR 1) o Kyn IR PR 1R T R e A=, [
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FR T 413G 5 p A 2 iR BB SRR TDO TE A Kyn R EE (1] 2a) o P42 RS BT8E 40 AR
& TDO fZE R be (BEAMOE 4c. d JEANEIIER 9 BER T RF R4 T 40 345, M= TDO
£ Rl R 40 M R8I0 Kyn B 1T T 4G 5EE0 B R (18] 2b) o Kyn SR B ARSI T 40 52
AR EHYT CD4+ A1 CD8+T 4 My 3E YA (3EAMIYE 4e) o ok, TDO B RIFRE FEIER T H [
Fh Sk [ A7 PBMC 7= AR FIAR 4 IR T Al B SRR (383N RO 40) &5, 5 TDORERIZHIA
PR SR U1 AR LL, £E TDO M RIA M A MR U Y A A W2 B A 4l iR S R BT R (LCA)
FAMEAT CD8+ S iz 4l i )R BR AR (B 2¢) , iIX R B TDO 51#2 [ Kyn JE R BT REHD I S
BN . fERH R/ RN SER IR T, 5 TDO Hhiaryxs e/ AL, Ri& TDO
P R, 2B E AT E (E 2d) o [EWBAT SBSEATIE R, MR+ DO
TE TEFR A P9 BB S B Y < 5 5 TDO BB 8 /N BRAE EL , 8 -9 TDO PR A /s
AP, PR S TS R TIE - v (IFN- v ) B AR, B RS |3 i B 40 A
HiE (B 2e, 1)
(o161] TR T Kyn XA TR MLH B M WMER . REEXT A EA D0 EH
LA ) P 22 G TR 2 ) 8 S I B PR SRk R P 22 55 1B, TDO PRI B B AIK T 3 3
PR Te e ML 0770 (1B 2¢, h) o R 1 Kyn PRI, EG MR Kyn JRE T Trp A
FAER R R TERE (B 21, §), X% Kyn 3800 T B0tk P 2 B8 41 i
HIEBh M. 76 GIC FXf Kyn RANIEE T ERE . )5, 24 TDO (K B i a8 1E 0 #5648 31 5
ZIhReME T 40 MR AORR BRI, BB BB R (H 2K) .
[0162]  SZHEM 3 :TDO A5 N 41 a4
[0163] AT 747 TDO N~ SHIHTINE NK 41 f e W i3k ( HEB R P BB hEEm ), 25
RESE AR RE TDO ZE [RI R B PR 72 O B 3R, EL A8 T 76 NK 41 B A7 78 S ANAEAE B O 52 R gl A=
<o Bk NK 40 fg 5 5m T % FEORT TDO 5 BRI o Mg i AL 4K, (B2 FF ¥R {3 TDO 2% Rl i B4 i
AR R 2R R KCE (B 21) , X R BT A R TDO 35 PE7= £ K Kyn EANTEAEThREMEBU
Ji09RT T 4000 NK 40 i S 2B LA B 43 6h 9 5 sUBE R T A #4 J00 5 g A o () S i R IR AL
[0164]  SEMEY 4 : 2 AHR H Kyn 3& MR FHLE)
[0165] >k T SEUF M R AR A4 AR Kyn X 7o 28 Fod J5 988 40 0 1 4 Wb 4k PR A 4 Tmﬂau AT T Kyn
A 3 0 2 G TR O 0 P I B B 43 A, LB R T H Kyn X AHR R ERE KIS 23S (E
3a) o R HTREALE UST 41 (7E 8 /NI 24 /NBY EH Kyn b EEEEZUE S 19 25 NEH
AR E AL AHR B (B 3a) .
[0166] %t PR B IR 40 A A DA Fe GIC 2H Rl B bR 3k AHR, 3 ELZE 5 Fl R [ 1 1P 22 R 3
AR P EINT B Kyn B K AHR $E4REEE . Kyn SEAHR 78 1 /NG B4 E 4,
BRI 17, %83 T Kyn %F AHR f9BOBSVEF (& 3by ) o —FH, Kyn 805 69198 40 B ) Western
blot 43173 B B {1 1) 40 a3 72 47 %i"ﬂn 17 AHR 41 Ha A% FRZE 317, 55 TCDD i | (12 7 LR Y
(E3d) .
[0167]  Kyn Wi (KI5 75 5 #1228 e J3 0 40 M ) DRE % L 20 BE 1, EC50 2 36. 6 1 M( [l
3e) o FE—4H Trp AT, AHR UG ME—XT NV E Kyno LI -9- B2 F 0y MR - 4% - &
ZE W5 (EROD) =BG ik T ThAe ik AHR $EARZE I 40 ML €6 2% P450. KK 1. WK K AL £ Jik
1 (CYP1AL) K155, HEF Xt Kyn i) EC50 & 12. 3u M. {F A 3k B Ahr— IE & 0 Ahr— SR BA /)N
iR Eﬁ J\HHfFEMHH@FHxE’JEMT l&kﬁaw,u &R IE B Kyn 454 AHR (9 KD (app) ~ 4 u M( &
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3f) o Xt Kyn [ 57542 9 AHR #4095 F1 AHR 1 5 2 K R & 59 _E 8 4% AHR $5 507 3, 4-DMF BR
AHR Z F R B ##) (B 3g) , # B Kyn & AHR % R M A0, A8 RIERAE LA AHR %32
5%t Kyn. TCDD 1 3—- FREER B (3-MC) HI4:&, X H 3, 4-DMF P fr 3 PP EC /A BLIE AHR
X —FSLRIA . EE ML, A0 2R TR A M AR I TR Kyn 2 LLBHE AHR, BB 24 TDO 2[R
FEUPRFEIR T AHR W TR RIE (B 3h) . 1T UBT RAEAE PR M By Kyn IR 2
37.01+ / -13. 4 uM(n=6) , ZE4A Y B8 2018 B LA TS AHR A9 Kyn 3K . 5 i TDO SRIEK
Kyn 3% AHR —E(Hh, {XTESRIE TDO I AR BURE V) 7 h M EZ 5 LCA+ Sz 41 i AHR $2
FrREEE TIPARP FIRIE (B 4a) .

[0168] 4T #5E TDO @GR AHR 5B I8 S RN, 7047 T ARV /%
M BLRRIE 5 H AHR RERIKEE. SERF b, 5 AHR RRIE M AME BB P A 4HEE, AHR
RRIE PN BT V1A LCA+ I CD8+ S MM RIR MR T (B 4b) o AT 7S
& AHR FRIEXT AP A K HITTER, L T Ahr— TEH R Ahr SREG/N R P9 TDO FiAFIRA TDO
RIEKBRMBERERK. 35 Ahr IEE/DRER, Ahr SRE/N R ARIE TDO § 4998 K4 K
BT (B 4c), R AHR - FH7E EVERER T IPR K. MMM LCA+ Sy
B IB/R T TDO RIEFRK T Ahr IEH /N AP LCA+ S A M B9340 , 1BIX A K A 7E Ahr BRBGE/
B (& 4d) , R @ AHR (9 TDO 41 5 BP0 5 2 S R F D Ao 1658 R IE Tdo o BRI A2
K K18 EEHB TR o, RETE Ahr EE/DNB A, 5AFIE Tdo KPR, Tdo FRIX
SRFIMIIG SR T MR A, SATH , 78 Ahr SRFG/N R PR BRI ER, BAREIEH KRR
b (E 4e) o BT RS 4 RIS ThEE M 1 AHR, IX 2645 RAFSE T Ahr BB/ B A B
TDO 45 B e A= K 3 9 2 B T TDO X Py M B S i B A W PERT . X — W /58 T LA
TEELHISFF ANR ZEF R 5, Kyn AREFE I AMER BNz (B 4e) . T H,
TE AR F [ R B 22 B OB A0 MR » 3 Kyn S REEK) 7= 32 B 4 R RV VR B S ImVR 2R T (B
A1) o B Ja, PR SEERAIE B T 4E AN AR AR 41 i 15 S 0 AHR 5 IR B 3 1) 60 23 1 55 /) 1R,
PR A (B 4g) , IX5RA T AHR 15544 55 Trp BERM B 2 WMER M EZ .

[0169] B/, FAVEAF T TDO RIRHI Kyn 2B G A i AR 19 AHR, SEFR_E, TDO
RiIEH AMZ R R AL 4 AHR 3234 DL % AHR #UFRZE R (R kA8 5% (& 5a.b.c) , KM
ZR R AN M R 2 AR TDO RIEF=4AE T BB E N Kyn, LLEIE AHR. A T fi# ¥ TDO-Kyn—AHR
B 515 IR R TR AE B AR 4 B TR LA AN LA TR IE P 4 s B R R, A1 A T AR
i 988 SE PR PR R BB o A RE R, NMUAEM AR FUE P TDO R 185 AHR SE4REE ] CYPIB1
FIRIEF K (B 5c), m B HIEAE B 40 Mk 0% . Ewing PO SRR . E30E . S BERTE
Fiti e 1 50 S TR AR S (B 5d) o X — & IR B TDO-Kyn-AHR &2 A 5 IR T o g, & sk it
e REIEHIFEFR 1t . Rembrandt (% FE 43 #7487~ T TDO. AHR X AHR #BFRZEEEE] CYP1B1 R
&P ZE I TR AR (WHO 73 4% T1-1V) HRA7TE 5 R A X LR IR 1 B sl R A 1 B 3 A
b2 PR (B be) o &), TERUBETRAR RS (WHO 43 4% 1V) B3 14 1, RIZ I TR 40 e
# TDO JKJF H Kyn 175 A AHR #E4% CYPIBL. ILIB. IL6 F1 IL8 f%i% ( B 3h) Befs Tz
i, EEARET WHO /34 (Bl 55) , B — B3I T AHR S X F 2 FUR G R IL
B EENE, R, X LEEE R B T PR AR SRR Kyn UL B 2 / 5500 W0 5 200
AHR, {23 B i e (B 5g) o
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[0001]
Al
10> B ER R AL
<120>  FBFIm /ST RAR AHR TR Aol B R0 BRI o
¢130> DK10702PC

<150> US 61/531,861
151> 2011-09-07

<160> 22
<1703 Patentln version 3.5

<2103 1

211> 67

<2125 DNA
QI KLFF)

£200>
€223% AHR sHRNA J% SCEMEHEE

€400> 1
agettggate casaadages tttaccttca aactttatet otignataaa gtttgaaggt 60

aadcece: 67

c2loy 2
211> 67
212> DNA
213> A5

<2205
<223> AHR shRNA TF X SRR RL

L400> 2
tegaggegtt taccttcaaa ctttattcaa gagataaagt ttgaaggtaa ;acgetttitt. 60

ghateca 6
210> 3

[0002] |
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[0003]

211> 6T
<212> DNA

13> AT

<2205

<2235 AHR. shRNA & XFEHZHBR (Dharmacon siRNA #6; AHRAHR siRNA f) Smart ith)

400> 3

agtteee

@105 4
211y 87

<212 DNA
213% ATFFH

220>

223> AHR shRNA JE XFEHHE (Uharnagon)

400> %
tcgagggaac

ggateca

2105 5
211y 21

agettggate canaaasgga actcaagety tatggtatet cttpaataec atdcagetty 60

' tcaagotgta tggtattcaa gagataccat acagcttgag tteotttttt 60

212> RNA

213> A

€400> §

ucaccaadue

<2107 6
211y 21

caggaucduu. U

<212> RNA

@18> A

<100> 6

aucaguguu

- Cluggcabad u

24

67
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w
=

[0004]

<2105
211>
€212>
<2135

<4003

2105
211y
@125
2185

<400>

REA

A

7

BUaUgAEERE ULCUEELAEN U

8
21
RNA
A

8.

g
19

RNA

A

cagaculiccy caauiigaud

<2103
@1
212>
213>

<400%

210>
211>
€212
213>

<400

10
19

RNA

A

10

uuggadagey aucacauau

11
19

-RNA

N

11

gagualgeen Quculguue

25
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21
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19
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[0005]

<210
2113
212>
<213

400>

12
19

RNA

A

12

geacceagul gaaginuas

<2103
SIRR
212>
213>

<4005

€210>
212>
$213>

<4003

15

ucauaaggal ycaggeuaa

14
19

RNA

A

14

agugatiaggu. acaagguail

210>
2113
212>
213>

400>

<2103
211>
212>
<13

<4003

15
19
RNA
X

15

.ggauunaacy. ueuggggaa

1 6
19

RNA.

6
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[0006]

gegaagaaga caaaticica

21> 17
2> DNA
218>  KIF%

£200>
<2235 TDOA ShRNA IFX

400> 1T

18
47

DNA
Wi

<2235 THOA shRNA B3

400> 18
cetttettga geltecaaata agtteotctat tieggacctca aganage

19
47
DNA

<223> TDOB shRNA TEX

<400> 19
tcataaggat teaggetaal tcaagagatt agectgaate cttatga

<210% 20
211> 47
<Z12%» DNA

13y AT EFR

27

19
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€220
€293 TDOB shRNA BT X

<400> 20
agtattecta agtecegatta agttotetaa teggacttag gaatackt

@10 21
67
12> DNA.
3> AT

<2235 Tk shRNA BB IR

400> 21
aguttggate caasaasagta cttecacete agtiggetet cttgaagoca actgagetey

aagtace
&o10> 28
€211% 67
L2123 DNA

Q213> AL

<2205
$223> T4 shRNA IF SR EHER

400> 22
tegaggtact tccacetcag tiggeticaa gagagecaac tgaggtggaa gtacttittt

ggatcea

28

60

67
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0 12
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Abstract

The present invention relates to the field of cancer
therapeutics and treatment of cancer. In particular, it relates to a
method for treating and/or preventing a natural AHR
ligand-dependent cancer comprising administering to a subject
suffering from said cancer a therapeutically effective amount of an
AHR inhibitor. Moreover, contemplated is a AHR inhibitor for use
in treating and/or preventing a natural AHR ligand-dependent

cancer.



