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

CaANncer

The present invention relates to the field of cancer therapeutics and treatment of cancer. In

dependent cancer comprising administering to a subject suffering from said cancer a
therapeutically effective amount of an AHR mhibitor. Morecover, contemplated 1s a AHR

inhibitor for use 1n treating and/or preventing a natural AHR ligand-dependent cancer.

Tumor micro-environment represents a particular challenge m an effective tumor therapy
since 1t has multiple influences on the malignancy of a tumor (Tennant 2010, Nat Rev Cancer
10, 267).

Tryptophan (Trp) metabolism 15 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 diseases and disorders of
the mmmune system such as tumor mmmunity, autoimmunity, infectious diseases and
maintenance of the immune privilege (Opitz 2007, Cell Mol Life Sci1 64, 2452). Degradation
of Trp by indoleamine-2,3-dioxygenases 1 and 2 (IDO1/2) in tumors and tumor draining
lymph nodes mhibits antitumor immune responses and 1s associated with a poor prognosis in
various malignancies (Lob 2009, Nat Rev Cancer 9 (6): 445). Inhibition of IDO1/2 suppresses
tumor formation m animal models and 1s currently tested in phase I/1I clinical trials 1n cancer
patients (Muller 2005, Nat Med 11(3): 312, Uyttenhove 2003, Nat Mecd 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 mvolved m the Trp metabolism in neurons and hepatocytes 18

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 (WO02010/008427) The relevance of Trp catabolism for

human tumor formation and progression, however, remains elusive.

Kynurenin (Kyn) 1s a Trp metabolite having immunosupressive functions. However, 1ts

molecular targets and the mechanism how this effect 1s elicited 18 not yet understood.

(AHR) transcription factor in dendritic cells and T-cells (Mezrich 2010, J Immunol 185, 3190;
Neguyen 2010, Proc Natl. Acad Sci1, USA, 107, 19961).

The AHR 1s a transcription factor of the basic helix-loop-helix (bHLH) Per-Arnt-Sim (PAS)
family, which 1s 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 1s known to be mvolved mto chemical carcinogenesis elicited by, e.g., halogenated

aromatic hydrocarbons. Further, it has been reported that green tea extracts can act as

aromatic hydrocarbons (Palermo 2003, Chem Res Toxicol 16, 865). Morcover, constitutive
expression of the AHR gene 1s known to be involved 1n cellular survival in glhioblastoma cells
(Gramatzki 2009, Oncogene 28, 2593).

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 administcring 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 1s selected from the
group consisting of: brain tumors, preferably, glioma, melanoma, colorectal adenocarcinoma,
colon carcinoma, rcnal 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 1s a small

moleccule compound.

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

compound 1s a plant compound or derivative thereof.

In a morc¢ preferred embodiment of the method of the invention, said plant compound or
derivative thereof 1s a flavone or derivative thereof. Most preferably, said flavone or
derivative  thereof 18 3,4-dimethoxyflavone, 3 ’-methoxy-4 -nitroflavone, 47,5,7-
Trihydroxytlavone (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 dertvative thercof 1s reveratrol or a dernivative thercof, epigallocatechin or

epigallocatechingallate.

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

compound 18 a compound characterized by the following general formula (I):

wherein

(1) R' and R” independently of each other are hydrogen or a C; to C; alkyl,

(ii) R’ to R'' independently from cach other are hydrogen, a C; to Cy» alkyl, hydroxyl or a
C, to Cy; alkoxy, and

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

In another preferred embodiment of the method of the invention, said AHR inhibitor 1s an
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In another preferred embodiment of the method of the invention, said AHR mhibitor 1s the

AHR repressor protein or an inactive AHR nuclear translocator (ARNT).

In another preferred embodiment of the method of the invention, said AHR inhibitor 1s a

nucleic acid inhibitor.

In another more preferred embodiment of the method of the mvention, said nucleic acid

group consisting of: a ribozyme, an antisense molecule, an inhibitors oligonucleotide, a micro
RNA, and an siRNA.

Moreover, contemplated by the invention 18 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 1n human brain tumors. a, Trp (left) and Kyn
(right) content m 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 7D0O mRNA
and Kyn release of human glioma cells measured by quantitative RT-PCR and HPLC (n=4).
¢, Kyn concentrations 1 the supernatants of U7 glioma cells cultured for 48 h m the
presence of the TDO imhibitor 680C91 (black bars) or its solvent (white bars; n=4, P= 0.003,
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 /DQO2 (light gray bars) by siRNA (n=3). e, Weak neuronal TDO expression in
healthy brain tissue (upper panecl). TDO expression in ghioblastoma (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, 1nsets

of mcreasing malignancy (WHO grade II- IV, grade II, n=18, grade III, n=135, grade 1V,
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 m healthy human brain tissuc (white bar, n=35) and
glioblastoma tissue (black bar, n=5). The data distribution 1 (f) and (g) 1s presented 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

cocultured with TDO-expressing control U7 glioma cells (sh-¢) in comparison to U87
glioma cells with a stable short hairpin RNA-mediated knockdown of 7DO (sh-TDQO), with or
without 100 uM Kyn (black bars), n comparison to PBMC alone with or without 100 uM
Kyn (white bars, n=3). ¢, Quantification of LCA+ cells (left graph) and CD&+ cells (right

n=12 for LCA, n=10 for CD®) and in human glioma sections with high TDO expression
(Hscore > 150, black bar, n=17 for LCA and n=10 for CDg®). d, Growth of 7Tdo-deficient
GL261 murine ghioma cells stably transtected with 7do (solid circles) or empty vector (open
circles) mjected s.c. into the flank of C57BL/6N mice was monitored using metric callipers
(n=6). Tumor wecight was calculated using the cquation: tumor weight (g) = (length (cm) X
width (cm)2) x 0.5. e, IFN-y-release of T cells of mice bearing subcutancous 7do-expressing
tumors (black bar) in comparison to T cells of mice bearing 7do-deficient tumors (white bar)
after restimulation with glioma lysates measured by ELISpot (n=3). {, Lysis of GL261 murine
glioma cells by spleen cells of mice with 7do-expressing GL261 tumors 1n comparison to
those with a subcutancous 7do-deficient GL261 tumors measured by chromium release (n=4).
o, Quantification of the migrated distances of sh-¢ (open squares) and sh-7DO (sohid 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-TDO (black bar) U7 cells (n=3). i,
Matrigel boyden chamber assay of U87 glioma cells 1in 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 1n
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 CD/ nu/nu mice implanted with
sh-c (upper panel) or sh-TDO (lower panel) U7 glioma cells. The images are representative
of two independent experiments (n=6). 1, Tumor weight of sh-¢ (white bars) and sh-7DO
(black bars) UB7 glioma cells imjected s.c. in the flank of CD/ nu/nu mice, that were treated

either with anti-asialo GM1 antibody (ASIALO) for NK cell depletion or control IgG (IgG)
(n=§).

Figure 3 shows that Kyn activates the AHR. a, Connection of the 25 genes that were most
strongly induced by Kyn treatment 1 U87 cells after 8 h to AHR signaling (red: upregulation,

green: downregulation). b, Translocation of GFP-tagged AHR 1mto the nucleus of mouse

1 nM TCDD (neg. control: medium). ¢, Ratios of nuclear to cytoplasmic fluorescent mtensity
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 1s 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 cach of control
(1,2), Kyn-trcated (3,4) and TCDD-trcated (5,6) human LN-229 glioma cclls. e,
Dioxinresponsive element (DRE) chemical activated luciferase gene expression m US7
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 Axzr-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, CYP/AI mRNA
expression in sh-4HR LN-308 glioma cells (black bars) in comparison to controls (sh-c, white
bars) treated with 100 uM 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 th¢ autocrine and paracrine ctfects of TDO-derived Kyn arc mediated via
the AHR a, Immunofluorescence stainings of LCA and TIPARP 1n human glioma sections
with low or high TDO expression. Magnification: 400x. b, Quantification of LCA+ cells (left)
and CD&8+ cells (right) staimed m human glioma sections with low AHR expression
(Histoscore < 150, white bar, n=10 for LCA and n=8 for CDg) and in human glioma sections
with high AHR expression (Histoscore > 150, black bar, n=12 for LCA and n=12 for CDS. ¢,
Tumor weight measured 15 days after s.c. injection of murine GL261 glioma cells with and
without 7do expression m the flanks of Ahr-proficient (white bars) or Ahr-deficient mice
(black bars, n=6). d, Quantification of LCA+ immune cells stained in the subcutanecous 7do-
proficient and Tdodeficient GL261 tumors in Aar-proficient and 4Ar-deficient mice presented
as box plots, showing the 25th and 75th percentile and the median (n=4). e, Migration of sh-c
LN-308 glioma cells (white bars) and LN-308 glioma cells with knockdown of the AHR by
two different sShRNAs (sh-4AHR1, gray bars and sh-AHR2 black bars) in the presence or
absence of 100 uM Kyn (n=4). {, Clonogenicity of sh-c (white bars) and sh-AHR (black bars)
LLN-308 glioma cells with or without 100 uM Kyn (n=3). g, Growth of 4 HR-proficient (solid
circles) and AHR-detficient (open circles) human LN-308 glioma cells mjected s.c. into the

flank of CDI/nu/nu mice was monitored using metric callipers (n=7). Tumor weight was

Figure 5 shows that TDO-derived Kyn activates the AHR 1n diverse human cancers and AHR
activation predicts survival in glioma patients a, Correlation of TDO expression (red) and
AHR e¢xpression (brown) in consecutive sections of human glioblastoma tissue. Arrows
indicate vesscls for orientation. Magnification 40x, inscts 200x. b, Correlation between TDO
and AHR expression in human glioma tissue based on H-scores of TDO and AHR, calculated
using Spearman rank correlation (n=26). ¢, Correlation between 7D0 and CYPIBI expression
in microarray data of human glioblastoma (n=396) analysed by Spearman rank correlation. d,

Correlation between 7DO 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 corrclation. e, Survival probabilities of glioma patients

intermediate (blue) or low (green) expression of these genes derived from Rembrandt. For
statistical analysis see Supplementary note 21. f, Survival probabilitics of ghoblastoma
patients with high expression (red) of the AHR target gene CYPIBI 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 mvention 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 1nhibitor.

The term "treating” as usced hercin refers to any improvement of the cancer that occurs 1n 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 1ts accompanying symptoms. It will be understood that a

treatment may not be successful for 100% of the subjects to be treated. The term, however,

(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

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

onset of cancer within a certain time window 1n the future. Said time window shall,
preferably, start upon administration of a compound 1n 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

term, however, requires that the prevention 1s successful for a statistically significant portion
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of the subjects (e.g. a cohort in a cohort study). Whether a portion 1s statistically significant
can b¢ 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 1s,
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 (TDO) 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 1n the accompanying Examples, below, or are disclosed in W0O2010/008427.
Preferably, said atorementioned cancer 1s selected from the group consisting of: brain tumors,
preferably, glioma, melanoma, colorectal adenocarcinoma, colon carcinoma, rcnal cell
carcinoma, non-small cell lung cancer (NSCLC), breast cancer, hepatocellular carcinoma,
ovartan 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 1s, 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, €.g., Lob 2009, Nat Rev Cancer 9(6), 445.

An "AHR 1nhibitor" in the sense of the invention i1s 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
1s 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

CA 2846275 2018-05-22
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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 1s located in the N-terminal of the protein. The members of the bHLH
supcrfamily have two functionally distinctive and highly conscrved domains. The first 1s the
basic-region which 1s mvolved 1n the binding of the transcription factor to DNA. The second
1S 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 18 the case with and ARNT, so that heterozygous and
homozygous protein complexes can form. The ligand binding site of AHR 1s 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 appcar to be mvolved 1n
ligand binding. Finally, a Q-rich domain 1s located in the C-terminal region of the protein and

1S Involved 1n co-activator recruitment and transactivation.

Preferably, the AHR polypeptide 1s human AHR and, more preferably, human AHR encoded
by a polynucleotide as shown under Genbank accession number: NM 001621.4 (Gl:

229577137) or has an amino acid sequence as shown under this accession number. Moreover,

arc envisaged. Variants of the aforementioned polynucleotides comprising one or more

nucleotide substitutions, deletions and/or additions and, preferably, result mm an encoded

at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 98% or at least
99% 1dentical 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 9K8% or at least 99% 1dentical to the

amino acid sequences referred to above. The term "identical” as used herein refers to

two nucleic acid sequences or amino acid sequences wherein the sequences are aligned so that
the highest order match 1s 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,

longer sequence. A series of programs based on a variety of algorithms 1s 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

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 1dentity
values recited above m 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 mhibits the AHR activity 1s, preferably, a compound which 1s
capable of interacting physically with the AHR polypeptide and, thereby, mhibiting 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, 1.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

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 1n a cell.
The AHR inhibitor shall at least reduce the AHR activity to a statistically significant extent.

Qualitative and/or quantitative mhibition of AHR activity can be measured by assays well
known 1 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 CYPIAI by an cthoxyresorufin-O-decthylase (EROD) assay.
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Alternatively, activity of AHR can be detected by using a reporter gene assay wherein the
expression of the reporter gene 1s 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 1s a small molecule compound.

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 18 not a polymer. Preferably, a small molecule as
referred to 1n accordance with the present mvention 1s 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 i chemical librarics to be screened for
potential AHR 1nhibitors. 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 1s

apparently a competitive imhibitor of AHR m 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 18 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 18 a flavone or a derivative thereof. Most preferably, said

flavone or derivative hercof 1s 3,4-dimethoxyflavone, 3’-methoxy-4 -nitroflavone, 4°,5,7-
yl-1H-pyrazole-5-carboxamide. In another more preferred embodiment of the method of the

mvention, said plant compound or derivative thercof 1s resveratrol (trans-3,5,4'-

Trihydroxystilbene) or a derivative thercof, epigallocatechin or epigallocatechingallate.

compound 1s a compound characterized by the following general formula (I):
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(V)

(V)

Furthermore preferred compounds and methods for the manufacture thereof are disclosed in
W02007/128723.

In another preferred embodiment of the method of the invention, satd AHR inhibitor 1s 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 1s located in the ligand binding domain.
Alternatively, an epitope binding of which by the antibody shall inhibit AHR activity may be
located 1in 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 1S a monoclonal antibody, a polyclonal antibody, a single
chain antibody. a chimeric antibody or any fragment or derivative of such antibodies. Such
tragments 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
moditied derivative of any of these antibodies. 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 techniques.

CA 2846275 2018-05-22
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Antibodies or fragments thercof, in general, can be obtained by using methods which are

Spring Harbor, 1988. Monoclonal antibodies can be prepared by the techniques which
comprise the fusion of mouse myecloma cells to spleen cells derived from immunized
mammals and, preferably, immunized mice (Kohler 1975, Nature 256, 495, and Galfr¢e 1981,
Meth. Enzymol. 73, 3). Preferably, an immunogenic peptide having the epitope referred to
above 1s applicd 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, minecral gels, ¢.g., aluminum hydroxide, and surface active substances, ¢.g.,
lysolecithin, pluronic polyols, polyanions, peptides, o1l emulsions, keyhole Iimpet

hemocyanin, and dinitrophenol.

In another preferred embodiment of the method of the mvention, said AHR inhibitor 1s 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
ivention may be a varilant 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, 1.e. a polypeptide
variant according to the imvention. 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

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% i1dentical to the
amio acid sequences referred to above. How the sequence identity between two given

sequences can be calculated 1s disclosed elsewhere herein 1n detail.

As discussed before, mactive 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 encoding them can be introduced mto the cancer cells to be treated by
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methods well known 1 the art. In particular, gene transfer via viral expression systems 18

envisaged 1n accordance with the present invention as a delivery system for polynucleotides

The term "AHR Nuclear Translocator (ARNT)" as used herein refers to a binding protein for
the AHR transcription factor. Details are found elsewhere 1n this specification already. The

ARNT polypeptide referred to hercin as an inhibitor of AHR 18 a polypeptide which 1s still

AHR/ARNT complex to the protein degradation machinery of the cell. How such modified
inhibitory ARNT polypeptides can be designed 1s well known to the skilled person.
Preterably, a polynucleotide encoding the (unmodified) ARNT polypeptide as referred to
herein 1s shown 1n Genbank accession number: NM 001197325.1 (GI: 309747070).

shown m 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, 1.¢. a polypeptide variant according to the
ivention. 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% 1dentical 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% i1dentical to the amino acid sequences referred to above.
How the sequence identity between two given sequences can be calculated 18 disclosed

elsewhere herein 1n detail.

to be treated by methods well known 1n the art. In particular, gene transfer via viral expression
systems 18 envisaged in accordance with the present mnvention as a delivery system for
polynucleotides encoding nactive ARNT. Suitable techniques are well known 1n the art and
described, ¢.g. in Gardlik 2005, Med Sc1 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 1nhibitor

18 a nucleic acid inhibitor.
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A "nucleic acid inhibitor"” as referred to herein 1s a nucleic acid molecule such as an aptamer

which mhibits either the activity of the AHR polypeptide by binding to the polypeptide mn a

to being complementary to the polynucleotide encoding the AHR polypeptide binds to the
said polynucleotide and inhibits transcription or translation thercof. For example, an
inhibitory nucleic acid may act as a triple-helix forming oligonucleotide by interfering with

proper transcription of the AHR gene. Morcover, an inhibitory nucleic acid may be a

an antisense, SIRNA or micro RNA capable of binding to the transcript and degrading it or at
least mhibiting efficient translation thercof. The latter type of inhibitory nucleic acids 1s
characterized 1n that they usually comprise a nucleic sequence which 1s complementary to a
sequence 1n the AHR transcripts. Such a complementary sequence shall be of sufficient length
and shall comprisc a sufficient number of matching nuclcotides as to allow for specific
hybridization with the transcript 1n the cell. Such nucleic acid inhibitors can be expressed 1n 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 RNAI1 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, 1n another more preferred embodiment of the method of the invention, said nucleic acid
inhibitor 18 selected from the group consisting of: a ribozyme, an antisense molecule, an

inhibitory oligonucleotide, an aptamer, a micro RNA, and an siIRNA.

A "ribozyme" in accordance with the present mvention 18 a RNA molecule comprising a
sequence complementary to the AHR transcript. Moreover, the ribozyme comprises a nucleic

acid sequence which 1s capable of eliciting the hydrolysis of the phosphodiester bonds within

so-called hammerhead ribozymes, hairpin ribozymes or VS rnbozymes. The ribozyme
technology i1s well known 1in 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 antisense 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 1s well known 1n 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

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 gencrated by using, ¢.g., the Systecmatic
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 mhibitors m the sense of the present invention can

be 1dentified. The technology for gencrating aptamers 1s well established 1n the art; see, ¢.g.,
Tuerk 1990, Science. Aug 3,;249(4968):505-510; or Ellington 1990, Nature. Aug
30,346(6287).818-822.

A "microRNA" 1n the sense of the invention refers to a single stranded RNA molecule which
18 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 1s the microRNA. The pri-microRNA has a
length of about 70 nucleotides and 1s processed within the target cell into the mature
miCcroRNA. The mature microRNA 1s capable of down-regulating gene expression by either
affccting translation or stability of the mRNA to be transcribed upon hybridization thercto.
How to design a microRNA and its pri-microRNA precursor 1s 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 beimng at least partially complementary to the AHR transcript. The

Oncogene 27 Suppl 2: S52—7 or L12009, 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 1s, usually,
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shorter m length. More preferably, an shRNA as referred to in accordance with the present
imvention as an AHR 1nhibitor 1s a nucleic acid molecule comprising or essentially consisting
of the nucleic acid sequence as shown 1 any onc of SEQ ID NOs: 1 to 4. The design and
application of shRNAs 1s 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 1s a

AHR transcript. sSIRNA acts to specifically guide enzymes 1n the host cell to cleave the target
RNA. By virtue of the specificity of the sSIRNA sequence and its homology to the RNA target,
siRNA 1s able to cause cleavage of the target RNA strand, thereby inactivating the target
RNA molecule. Preferably, the siRNA which 1s sufficient to mediate RNA1 comprises a
nucleic acid sequence comprising an inverted repeat fragment of the target gene and the
coding region of the gene of mterest (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 1in 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 1s preferably greater than
or ¢qual to ten nucleotides and of sufficient length to stably mteract 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 sufticient
length 1t 1S meant an oligonucleotide of greater than or equal to 15 nucleotides that 1s of a
length great enough to provide the mntended function under the expected condition. By stable
interaction it 18 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 1s 100% between the siRNA and the
RNA target, but can be less 1f 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 1nstances,

where selection between various allelic variants 1s desired, 100% complementary to the target

sequence. Methods relating to the use of RNA1 to silence genes m organisms, including C.
clegans, Drosophila, plants, and mammals, arc known 1n the art (see, ¢.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 1s a AHR 1nhibitor, preferably as defined
herein above, for use 1 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

Thus, IDO mhibition 1s 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 1t was shown that TDO 1s strongly expressed in cancer and equally capable of

producing immunosuppressive Kyn. In IDOnegative glioma cells, TDO appears to be the sole

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 mtrinsic malignant phenotype as we delineated the importance of
constitutive Trp degradation to sustain the malignant phenotype of cancer by acting on the
tumor cclls themselves. Emerging ¢vidence points towards a tumor-promoting role of the
AHR. AHR activation promotes clonogenicity and imvasiveness of cancer cells. Transgenic
mice with a constitutively active AHR spontancously develop tumors and the repressor of the
AHR (AHRR) 1s 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, cAMP,
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 1s 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 1s 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
studics using the classical cxogenous AHR ligands, TCDD and 3-MC. Exposurc to thesc
xenobiotics leads to profound suppression of cellular and humoral 1immune responses, while
also promoting carcinogenesis and inducing tumor growth. These cell-specific differences in
AHR effects are likely to depend on the expression of factors diftferentially regulating AHR

signal transduction such as the AHRR as well as cell-specific transcription factor crosstalk

1s not only relevant in the setting of cancer. For instance, activation of the mouse and human
AHR by agonistic ligands induces regulatory T cells. Interestingly, Ahr-deficient mice suffer
from exacerbated CNS autormmunity in the absence of an exogenous ligand, while Trp

catabolites suppress CNS autoimmunity 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 1n response to
inflammatory stimuli. In a broader context, a significant number of malignancies arise from
areas ot mostly chronic intection 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.

CA 2846275 2018-05-22
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EXAMPLES

The 1nvention will now be described by the following examples which, however, must not be

construed as limiting the scope of the invention.

Cells and reagents

The origin and culture conditions of cell lines are detailed 1n 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 Acsar (Karlsruhe,
Germany). The TDO ihibitor ((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-AHRtmliBra/)) were kindly provided by Charlotte Esser
(Dusseldort, Germany). C57BL/6N that were age-matched with the Azr-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 1n 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 cffects 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 ot 7DO into CD/Inu/nu mice, s.c. mjection of these cells

into NK-depleted or wildtype CD/nu/nu mice and s.c. injection of murine Tdo-proficient and
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Tdo-deficient GL261 cells mto syngeneic CS7BL/6N mice were performed to analyse the
autocrine and paracrine effects of TDO activity in vivo. Microarray analysis of Kyn-treated

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 m vivo) proved that the eftects of Kyn are AHR-dependent. Injection of
doproficient and Tdo-deficient tumor cells into Azr+/+ and Ahr-/- mice was used to address
the contribution of host cffects 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 1n human cancers and how this affects survival.

Analysis of Trp and Kyn concentrations by high performance liquid chromatography (HPLC)
HPLC analysis was pcrformed 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 U887 xenografts, the U7 tumors were excised,

weighed, immediately frozen 1n liquid nitrogen and processed.

Quantitative (q)RT-PCR

Total RNA was 1solated with the Qiagen RNeasy kit and ¢cDNA was synthesised with the
Applhied Biosystems reverse transcription kit (Foster City, CA, USA). QRT-PCR was
preformed 1n 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 cach gene. Relative quantification of gene expression was

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):
S’-UCACCAAAUCCACGAUCAUUU-3" (SEQ ID NO: 35);
5’-UUUCAGUGUUCUUCGCAUAUU-3’ (SEQ ID NO: 6);
S’-GUAUGAAGGGUUCU GGGAAUU -3° (SEQ ID NO: 7);
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5S’-GAACGGGACACUUUGCUAAUU-3’ (SEQ ID NO: 8)

Human IDOZ2 (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 TDQOZ2 (Genbank accession numberNM 005651):
S’-UCAUAAGGAUUCAGGCUAA-3" (SEQ ID NO: 13);
5’-AGUGAUAGGUACAAGGUAU-3" (SEQ ID NO: 14);
5S’-GGAUUUAACUUCUGGGGAA-3" (SEQ ID NO: 15);
5’-GCGAAGAAGACAAAUCACA-3’ (SEQ ID NO: 16)

TD0OA shRNA sense:
5’-GGAAAGAACTCCAGGTTTATTCAAGAGATAAACCTGGAGTTCTTTCC-3’ (SEQ

ID NO: 17)

TDOA shRNA antisense:
5-CCTTTCTTGAGGTCCAAATAAGTTCTCTATTTGGACCTCAAGAAAGG-3’ (SEQ

ID NO: 18)

1DOB shRNA sense:
S’-TCATAAGGATTCAGGCTAATTCAAGAGATTAGCCTGAATCCTTATGA-3" (SEQ
ID NO: 19)

TDOB shRNA antisense:
ST-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

l[ipofectamine RNAIMAX from Invitrogen. Knockdown efficiency was analysed by qRT-
PCR.

Stable knockdown cells
U&7 human glioma cells were transfected with pSUPER .puro plasmid (OligoEngine, Secattle,
WA, USA) expressing sh-7DO 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 pug/ml puromycin (ApphiChem GmbH). If not indicated otherwise sh-TDOA was
used. For knockdown of the AHR 1n LN308 glioma cells the pSingle-tTS-shRNA vector was

shRNA sequences with Xhol/HindIll overhangs were cloned into the vector using the
Xhol/HindIIl cloning sites. Short hairpm sequences for control/AHR or TDO shRNA

silencing including the Xhol/HindIIT 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’ (SEQ ID 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
transtformants were selected with 1 mg/ml neomycin (Sigma-Aldrich). The knockdown was

induced using 2 ng/ml doxicyclin (Sigma-Aldrich), cells were analysed 72 h after induction.

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 recagent (Roche). Clonal transformants

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

representative magnification fields (200x) on tissue sections using optical microscopy
(Olympus BX51).

Immunofluorescent stainings

For immunofluorcscence, scctions of gliomas with low TDO c¢xpression and gliomas with
high TDO expression were mcubated 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 ImmunoResecarch, 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 1n 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 wrradiated (30 Gy) PBMC as
stimulators and 2 x 105 PBMC from unreclated 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

luciterase 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 1n 5 independent microscopic high-power ficlds and expressed
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as percentage of immvasiveness relative to control using a microgrid. In spheroid assays
microscopic photographs of the arca covered by each spheroid were taken at 0, 24, 48 and 72
h after implantation. For quantification, the mcan arca which was covered by invaded glioma
cells at an indicated time point was measured 1n intervals of 24 h and compared with the area
at 0 h with Imagel.

Chromium release assay

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 1solated from the bone marrow of healthy C57BL/6N mice and
RPMI 1640 containing 20 ng/ml GM-CSF (Immunotools) for 5 days. Spleens

from tumor-bearmg mice were removed and mashed through a 40-um cell strainer.

cultured 1

Erythrocytes were lysed and T cells were 1solated by MACS using the pan T cell 1solation kit
I (Milteny1r GmbH). 2 x 105 DC were seeded m an ELISpot plate (Millipore) that had been
coated with anti-IFNy antibody (Mabtech AB, Nacka Strand, Sweden) and pulsed with 10 ug
GL261 lysate - generated in PBS by repeated frecze thaw cycles - for 4 h before addition of 1
x 105 T cells. Atter 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 BpRclc cells with a GFP-tagged AHR per well
were exposed to 50 uM Kyn or 50 uM Trp, fixed mm 3.7% formaldehyde in PBS,
permeabilised 1n 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

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 specific activity of 11 Ci/mmol was obtained from Quotient Bioresearch
(Radiochemicals) Ltd. (Cardift, UK). The binding assays with L-3H-Kyn using mouse liver
cytosol from Ahr-proficient and Ahr-deficient mice were performed. Specific binding was

defined as the difference of radioactivity between AAr-proficient and Azr-deficient cytosol.
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Animal experiments

were approved by the governmental authorities. Human glioma cells were either injected s.c.
or stercotactically implanted into the right striatum of six 6-12-week-old athymic mice
(CDInu/nu) and monitored. NK cell depletion was performed by biweekly 1.p. injection of
rabbit anti-asialo GM1 antibody (Wako Chemicals, Duesseldorf, Germany) starting 2 days

Germany). For induction of AHR knockdown 1n vivo doxycycline was administered to the
mice at a concentration of 2 mg/ml 1n ucrosecontaining drinking water. Murine glioma cells
were mjected s.c. into the right flank of 6-12- week-old wildtype C57BL6/N mice or AHR-/-
C57/B16 mice.

Magnetic resonance imaging (MRI)
MRI scans shown in Fig.3g were performed using a custom-developed transmit/receive small
animal coil 1n a conventional whole-body 1.5 T MRI scanner (Symphony, Siemens, Erlangen,

Germany).

Microarray

U&7 glioma cells were treated with 100 uM Kyn for 8 h or 24 h, after which the cells were
harvested and RNA 1solated using the RNAecasy-Kit (Qiagen). The RNA was subjected to
microarray analyses as detailed in the Supplementary Methods. For e¢ach of the four
treatments (8 h, 24 h, Kyn-treated, untreated) two arrays were hybridised and the mean log?2
ratios of gene expression in Kyn-treated vs. untreated samples were calculated. Further
analyses of the data are detailed i the Supplementary Methods. For clinical samples
microarray and clinical data were acquired from the REpository for Molecular BRAIn
Neoplasia DaTa (REMBRANDT) (Supplementary Methods). Survival analysis within the
data set of untreated primary glhioblastoma (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

Correlations between TDO and AHR (Fig. 6¢) as well as 7DO and CYPIBI (Fig. 6d) were
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<0.03).
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In accordance with the studies underlying the present invention, a screen of human cancer cell
lmes 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

catabolism 1n brain tumors. Instead, tryptophan-2,3-dioxygenase (TDO), which 1s
predominantly expressed in the liver and believed to regulate systemic Trp concentrations,
was strongly expressed m human glioma cells and correlated with Kyn release (Fig. 1b).
Pharmacological inhibition or knockdown of 7D O blocked Kyn release by glioma cells, while
knockdown of /DO and IDQZ2 had no cffect (Fig. 1c¢,d), thus confirming that TDO 1s 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. 1e-
¢). As described previously (Miller 2004, Neurobiol Dis 15(3), 618, healthy human brain
showed only weak TDO staining in neurons (Fig. 1¢). TDO expression was not confined to
gliomas but was also detected in other types of cancers referred to elsewhere heremn 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 ito increased Kyn levels (Fig. 1h), because Kyn 1s taken up by other
cells and metabolized to quinolinic acid. Indeed, accumulation of quinolinic acid was detected
in TDO-expressing glioblastoma tissue (Fig. 11). Kyn suppresses allogeneic T cell
proliferation9. Allogeneic T cell proliferation inversely correlated with Kyn formation by
glioma-derived TDO (Fig. 2a). Knockdown of 7D O 1n glioma cells (Supplementary Fig. 4c¢,d;
Supplementary Note 9) restored allogeneic T cell proliferation, while addition of Kyn to the
DO knockdown cells prevented the restoration of T cell proliferation (Fig. 2b). Kyn

concentration-dependently ihibited the proliferation of T cell receptor-stimulated CD4+ and
CD8+ T cells (Supplementary Fig. 4¢). In addition, knockdown of 7DO resulted 1n 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 1n sections of human glioma with high TDO expression m comparison to those with
low TDO expression (Fig. 2¢), indicating that Kyn formation by TDO may suppress antitumor
Immune 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 m 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 1n comparison with mice
bearing TDO-deficient tumors (Fig. 2¢,f).

Next the autocrine effects of Kyn on glioma cells were assessed. While no differences 1n 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

sphere formation was enhanced in response to Kyn. Finally, tumor formation was impaired
when 7DO knockdown tumors were orthotopically implanted in the brains of nude mice,
which are devoid of functional T cells (Fig. 2k).

Example 3: TDO mediated mhibition of N cells

To analyse whether TDO-mediated mhibition of antitumor NK cell responses, which are
functional n nude mice, may account for impaired formation of 7DO knockdown tumors,
subcutancous 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. 2I), suggesting that Kyn
generated by constitutive TDO activity enhances the malignant phenotype of human gliomas

In an autocrine manner 1n 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

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

on the AHR (Fig. 3b,¢). 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 (Fi1g. 3¢). AHR activation was unique to Kyn mn a panel of Trp catabolites. An

target gene cytochrome P450, family 1, subfamily A, polypeptide 1 (CYP1A1) with an EC50
of 12.3 uM for Kyn. Radioligand binding assays using mousc liver cytosol from Air-
proficient and AArdeficient mice demonstrated that Kyn binds to the AHR with a KD (app) of
~ 4 uM (Fig. 31). Activation of the AHR and upregulation of AHR-regulated gene expression

(Fig. 3g), indicating that Kyn 1s 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 mhibited the activation of the AHR by all three ligands.

Importantly, the endogenous Kyn production of glioma cells was sufficient to activate the

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 genc
TIPARP 1 LCA+ immune cells was observed only in human glioma sections expressing
TDO (Fig. 4a).

To determine whether TDO influences antitumor mmmune responses via the AHR the
infiltration of immune cells in human glioma sections in relation to ther AHR expression was
analysed. Indeed, infiltration by LCA+ and CD&+ immune cells was decreased 1 sections of
human glhiomas 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 7do expression 1n Aar-deficient and Aar-proficient mice was
compared. The growth of 7Tdo-expressing tumors was attenuated 1 Asr-deficient mice when
compared with Ahar-proficient mice (Fig. 4¢) indicating that AHRmediated host effects
enhance tumor growth. Staining of LCA+ immune cells 1in 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 7do-
expressing tumors. In addition, while in AArproficient mice 7Tdo expression strongly enhanced
tumor growth 1n comparison to tumors not expressing 7do, the same etffect was observed 1n

Ahr-deficient mice, albeit to a much lower extent (Fig. 4¢). As murine glioma cells express

Ahr-deficient mice 1s due to autocrine etfects of TDO on the tumor cells themselves. This
notion 18 supported by the fact that Kyn failed to mnduce motility of human glioma cells after
AHR knockdown (Fig. 4¢). Also, the increase n clonogenic survival in response to Kyn was

abolished 1n glioma cells with a knockdown of the AHR (Fig. 41). Finally, in vivo experiments
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demonstrated that mduced knockdown of the AHR 1mn human glhoma cells mhibited tumor

growth In 1mmunocompromised mice (Fig. 4g), underscoring the importance of AHR

Next 1t was mvestigated whether TDO-derived Kyn activates the AHR m 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

TDO-Kyn-AHR signalling pathway 1s also activated m 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/BI 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 1s 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 II-1V) with high expression of 7DO, the AHR or the AHR target
oene CYPIBI was reduced compared to patients with intermediate or low expression of these
ogenes (Fig. 5¢). Finally, 1in patients with ghioblastoma (WHO grade 1V)14, the expression of
the AHR targets CYPIBI, ILIB, IL6 and IL8, which are regulated by TDO-derived Kyn 1n
glioma cells (Fig. 3h), were found to predict survival even independent of WHO grade (Fig.
51), thus further underscoring the importance ot AHR activation for the malignant phenotype
of gliomas. In summary these data suggest that endogenous tumor-derived Kyn activates the

AHR 1n an autocrine/paracrine fashion to promote tumor progression (Fig. 5g).
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Claims

An aryl hydrocarbon receptor (AHR) inhibitor for use in treating and/or preventing a

natural AHR ligand-dependent cancer, wherein said natural AHR ligand is kynurenin.
The AHR inhibitor for use of claim 1, wherein said cancer is a brain tumor.

T'he AHR inhibitor for use of claim 1, wherein said cancer is a glioma.

The AHR 1nhibitor for use of claim 1, wherein said cancer is a melanoma.

The AHR inhibitor for use of claim 1, wherein said cancer is a colorectal adenocarcinoma.
The AHR inhibitor for use of claim 1, wherein said cancer is a colon carcinoma.
The AHR 1nhibitor for use of claim 1, wherein said cancer is a renal cell carcinoma.

The AHR inhibitor for use of claim 1, wherein said cancer is a non-small cell lung cancer
(NSCLC).

The AHR 1nhibitor for use of claim 1, wherein said cancer is a breast cancer.

The AHR i1nhibitor for use of claim 1, wherein said cancer is a hepatocellular.carcinoma.
The AHR inhibitor for use of claim 1, wherein said cancer is a ovarian carcinoma.

The AHR 1nhibitor for use of claim 1, wherein said cancer is a head and neck carcinoma.
The AHR inhibitor for use of claim 1, wherein said cancer is a bladder cancer.

The AHR inhibitor for use of claim 1, wherein said cancer is a pancreatic

adenocarcinoma.

The AHR inhibitor for use of claim 1, wherein said cancer is a mesothelioma.

CA 2846275 2018-10-03
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16. The AHR inhibitor for use of claim 1, wherein said cancer is a small cell lung cancer
(SCLC).

17. The AHR 1nhibitor for use of claim 1 or 2, wherein said AHR inhibitor is a small

molecule compound, wherein said small molecule compound is an organic molecule

having a molecular weight of less than 10 kDa.

18. The AHR inhibitor for use of claim 17, wherein said small molecule compound is a plant
compound.

19. The AHR inhibitor for use of claim 18, wherein said plant compound is a flavone.

20.  The AHR inhibitor for use of any one of claims 17 to 19, wherein said small molecule

compound 1s 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.

21. The AHR inhibitor for use of claim 18, wherein said plant compound is resveratrol,

epigallocatechin or epigallocatechingallate.

22.  The AHR inhibitor for use of claim 17, wherein said small molecule compound is a

compound characterized by the following general formula (I):

R11 R1

whereln

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

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

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

CA 2846275 2018-10-03



23.  The AHR inhibitor for use of claim 1 or 2, wherein said AHR inhibitor is an antibody
which specifically binds to and inhibits the AHR protein.

24. The AHR 1nhibitor for use of claim 1 or 2, wherein said AHR inhibitor is the AHR

repressor protein or an inactive AHR nuclear translocator (ARNT).

25. The AHR inhibitor for use of claim 1 or 2, wherein said AHR inhibitor is a nucleic acid
inhibitor.
26.  The AHR inhibitor for use of claim 25, wherein said nucleic acid inhibitor 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 stiRNA.

CA 2846275 2018-10-03
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