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ISOTOPIC METHODS FOR MEASUREMENT
OF TRYPTOPHAN AND METABOLITES
THEREOF

FIELD OF THE INVENTION

[0001] The invention relates to method of measuring mass
tag labelled tryptophan and metabolites thereof and methods
using the labelled molecules for monitoring in a subject the
effectiveness of a treatment and of disease recurrence after
treatment, for stratifying patients and for diagnosing sup-
pression of an immune response in a subject.

BACKGROUND OF THE INVENTION

[0002] The recent definition of “evading immune destruc-
tion” as an emerging hallmark of cancer reflects the increas-
ing recognition of immune suppression and escape as critical
traits of malignancy (1). In the past years tryptophan deg-
radation has emerged as a key metabolic pathway control-
ling immune reactions. Emerging evidence suggests that
during cancer progression generation of kynurenine by the
tryptophan-catabolic ~ enzymes  indoleamine-2,3-dioxy-
genases (IDO) and/or tryptophan-2,3-dioxygenase (TDO)
may represent a central pathway for immune escape, while
also promoting the malignant phenotype of cancer cells in an
autocrine fashion (2,3). While the role of TDO in cancer was
just recently discovered (3), the IDO inhibitor 1-methyl-
tryptophan is currently studied in clinical trials in combina-
tion with conventional chemotherapy or immunotherapy (4)
based on preclinical studies in mouse models of cancer (5).
[0003] Inhibitors of IDO and TDO are being developed for
the treatment of cancer and clinical trials with IDO inhibi-
tors in solid tumors as an adjunct to chemo- or immuno-
therapy are currently ongoing. In addition, tryptophan deg-
radation has been implicated in the effects of several targeted
therapies. Recent evidence suggests that the tyrosine kinase
inhibitor imatinib reduces IDO expression, while IDO rep-
resents a resistance mechanism against CTLA-4 blockade by
ipilimumab.

[0004] While the inhibition of tryptophan degradation is
studied as a means of inhibiting cancer immune escape,
induction of tryptophan degradation is involved in control-
ling autoimmune diseases (6), excessive inflammation dis-
ease tolerance (7), chronic infection, and allergy.

[0005] As treatments modulating tryptophan degradation
are becoming available, methods to efficiently and precisely
measure tryptophan degradation are becoming increasingly
relevant both for stratification of patients to treatments as
well as assessment of therapeutic efficacy.

[0006] Measurement of tryptophan and its metabolites is
routinely performed by HPLC, GC-MS or LC-MS. UV-
absorption based HPLC-methods exist as well as fluores-
cence-based methods of specifically modified substances
(11-14). Each of the methods has its specific advantages and
disadvantages that are not discussed here in detail. However,
when mass spectrometric methods are applied, generally
higher specificity can be expected due to the measurement of
exact masses with sub-ppm accuracy in addition to the
LC-separation and the detection of specific fragments e.g. in
the MS2 mode. Such LC-MS based methods are described
for the detection of tryptophan and connected analytes
(15-18). Selective reaction monitoring (SRM)-based meth-
ods have been established to enable measurement of tryp-
tophan and several metabolites with high-sensitivity and
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precision using isotopically labelled standards, but also
LC-ESI-MS methods based on SIM scans are described
(18).

[0007] Hence, there remains a need for methods to mea-
sure tryptophan and its metabolites that may perform with
superior specificity, sensitivity and throughput.

SUMMARY OF THE INVENTION

[0008] In a first aspect the present invention, therefore,
provides for tryptophan and/or one or more metabolites
thereof labelled with an amine-reactive mass tag that
enhances signal intensity in mass spectrometry.

[0009] In one embodiment of the first aspect of the inven-
tion, tryptophan and/or one or more metabolites thereof
comprise:

[0010] i. L-tryptophan;

[0011] ii. D-tryptophan;

[0012] iii. 1-L-methyl-tryptophan;

[0013] iv. 1-D-methyl tryptophan;

[0014] v. L-kynurenine;

[0015] vi. D-kynurenine;

[0016] wvii. 1-L-methyl-kinurenine;

[0017] wiii. 1-D-methyl-kinurenine.
[0018] The mass tag may be an isobaric tag or an isotopic

mass tag. Preferably the mass tag is a dimethylpiperidine-
beta-alanine derivative comprising one or more heavy iso-
tope substitutions of hydrogen, carbon, nitrogen and/or
oxygen.

[0019] In a second aspect, the invention provides for a
method of measuring tryptophan and/or one or more
metabolites thereof wherein the method comprises:

[0020] a) labelling one or more test samples with one or
more mass tag;

[0021] D) labelling purified or synthetic preparations of
tryptophan and/or one or more metabolites thereof with
one or more additional mass tag to form a reference
sample, wherein the additional mass tags are isobaric or
isotopic variants of the same mass tags used in step a);

[0022] c) mixing the one or more labelled test samples
of step a) and reference sample of step b) in a pre-
defined ratio to form one or more analytical mixtures;

[0023] d) analysing the one or more analytical mixtures
by mass spectrometry wherein the quantity of trypto-
phan and/or one or more metabolites thereof in the test
samples is determined by comparing the signal inten-
sity at the desired mass to charge ratio of tryptophan
and/or one or more metabolites thereof with the corre-
sponding signal intensity at the mass to charge ratio of
tryptophan or its metabolite in the reference sample.

[0024] In one embodiment of this second aspect the ref-
erence sample comprises tryptophan and/or one or more
metabolites thereof as defined in the first aspect of the
invention and its embodiments.

[0025] In some other embodiment, the method is per-
formed by Selected Reaction Monitoring using one or more
transitions for tryptophan and/or metabolites thereof;
wherein the method comprises:

[0026] i. comparing the amount of tryptophan and/or
metabolites thereof in said one or more test samples
with amounts previously determined; or

[0027] ii. comparing the ratios of the amounts of tryp-
tophan to the amounts of two or more of metabolites of
tryptophan in said one or more test samples;
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[0028] wherein the method further comprises determining
in said one or more test samples the rate and/or extent of
tryptophan metabolism; wherein the transitions are prefer-
ably as defined in Table 1 and/or Table 2.

[0029] Preferably, step i) include determining the amount
of tryptophan and/or metabolites thereof in said one or more
test samples with known amounts of corresponding syn-
thetic tryptophan and/or metabolites thereof which are iden-
tical to those present in said one or more test samples but
have different isobaric or isotopic mass tags.

[0030] More preferably, the different mass tags are either
different in structure or comprise different heavy isotope
substitutions of hydrogen, carbon, nitrogen and/or oxygen.
[0031] In a third aspect, the invention provides for a
method of assaying for tryptophan and/or one or more
metabolites thereof, which method comprises:

[0032] a) combining a test sample, which may comprise
tryptophan and/or one or more metabolites thereof]
with a calibration sample comprising at least two
different aliquots of tryptophan and/or one or more
metabolites thereof, each aliquot of the calibration
sample having a different known quantity of tryptophan
and/or one or more metabolites thereof, wherein the
test sample and each aliquot of the calibration sample
are differentially labelled with one or more isobaric
mass labels each with a mass spectrometrically distinct
mass marker group, such that the test sample and each
aliquot of the calibration sample can be distinguished
by mass spectrometry;

[0033] b) determining by mass spectrometry the quan-
tity of tryptophan and/or one or more metabolites
thereof in the test sample and the quantity of tryptophan
and/or one or more metabolites thereof in each aliquot
in the calibration sample, and calibrating the quantity
of tryptophan and/or one or more metabolites thereof in
the test sample against the known and determined
quantities of tryptophan and/or one or more metabolites
thereof in the aliquots in the calibration sample.

[0034] Preferably, the tryptophan and/or one or more
metabolites thereof in this third aspect of the invention
comprises:

[0035] i. L-tryptophan;
[0036] ii. D-tryptophan;
[0037] iii. 1-L-methyl-tryptophan;
[0038] iv. 1-D-methyl tryptophan;
[0039] v. L-kynurenine;
[0040] vi. D-kynurenine;
[0041] vii. 1-L-methyl-kinurenine;
[0042] wviii. 1-D-methyl-kinurenine.
[0043] In some embodiments of this third aspect, the test

sample comprises tryptophan and one or more metabolites
thereof and a calibration sample is provided for tryptophan
and said one or more metabolites thereof, and step (b) is
repeated for tryptophan and each of said one or more
metabolites thereof.

[0044] In some other embodiments of this third aspect, the
method comprises a further step prior to step (a) of differ-
entially labelling each test sample or each aliquot of the
calibration sample with one or more isobaric mass labels,
and preferably the method comprises a further step of
combining the differentially labelled aliquots to produce a
calibration sample prior to step (a).

[0045] In a fourth aspect, the present invention provides
for a method of monitoring the effectiveness of a treatment
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in a subject by measuring the levels of tryptophan and/or
metabolites thereof according to the second and third aspects
of the invention and their embodiments. Preferably, the
treatment is a cancer treatment.

[0046] 1In a fifth aspect, the present invention provides for
a method of stratifying subjects by measuring the levels of
tryptophan and/or metabolites thereof according to the sec-
ond and third aspects of the invention and their embodi-
ments. Preferably, the subjects are stratified for a clinical
trial.

[0047] Ina sixth aspect, the present invention provides for
amethod of monitoring in a subject the recurrence of cancer
after treatment by measuring the levels of tryptophan and/or
metabolites thereof according to the second and third aspects
of the invention and their embodiments. Preferably, the
method is performed at intervals of 6 months, preferably at
intervals of 3 months.

[0048] In aseventh aspect, the present invention provides
for a method of diagnosing suppression of an immune
response in a subject by measuring the levels of tryptophan
and/or metabolites thereof according to the second and third
aspects of the invention and their embodiments. Preferably,
the suppression of the immune response is in a subject
suffering from cancer.

[0049] Insome embodiments of the fourth, fifth, sixth and
seventh aspects of the invention the subject is a human
subject.

[0050] In some embodiments of the third, fourth, fifth,
sixth and seventh aspects of the invention the sample is
selected from blood, plasma, serum, saliva, urine, tissue
(e.g. biopsy) or combinations thereof.

[0051] In some embodiments of the second, third, fourth,
fifth, sixth and seventh aspects of the invention, the mass tag
or mass label is an amine-reactive mass tag or mass label
that enhances signal intensity in mass spectrometry.

[0052] Furthermore, the present invention provides in an
eight aspect tryptophan and/or metabolites thereof as defined
in the first aspect of the invention and its embodiments for
an in-vitro use of monitoring the effectiveness of a treatment
in a subject, of stratifying subjects, of diagnosing suppres-
sion of an immune response in a subject, and/or of moni-
toring the recurrence of cancer in a subject. Alternatively,
this eight aspect may be formulated as an in-vitro use of
tryptophan and/or metabolites thereof as defined in any one
of claims 1 to 5 for monitoring the effectiveness of a
treatment in a subject, of stratifying subjects, of diagnosing
suppression of an immune response in a subject, and/or of
monitoring the recurrence of cancer in a subject.

[0053] Finally, in a ninth aspect the present invention
provides for a kit comprising tryptophan and/or metabolites
thereof as defined in the first aspect of the invention and its
embodiments, wherein the kit further comprises one or more
reagents to perform the methods as defined in any of the
third to eight aspects of the invention and their embodi-
ments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0054] FIG. 1. Mean reporter ion intensities of three
independent MS/MS reporter spectrum measurements of
L-Trp (left) and Kyn (right) in cell culture media of SKOV-3
cells. The measured sample consists of six samples from
three independent biological samples at different incubation
times: day O (medium before contact with cells) and day 6
(upper panels) and days 0 to 5 (lower panels).
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[0055] FIG. 2. Mean reporter ion intensities of three
independent MS/MS reporter spectrum measurements of
D-Trp (left) and Kyn (right) in cell culture media of SKOV-3
cells. The measured sample consists of six samples from
three independent biological samples at different incubation
times: day O (medium before contact with cells) and day 6
(upper panels) and days 0 to 5 (lower panels).

[0056] FIG. 3. Mean reporter ion intensities of HPLC-MS/
MS-MS analysis of a TMT® sixplex labelled SKOV-3 cell
culture supernatant sample mixture showing the metabolism
of 1-L-methyl-tryptophan (L-MT) to Methyl-kynurenine
(M-Kyn) in SKOV-3 cells. Six samples were used from three
independent biological samples at different incubation times
with L-MT: day 0 (medium before contact with cells) and
day 6 (n=3).

[0057] FIG. 4. Metabolism of 1-L-methyl-tryptophan
(L-MT) and 1-D-methyl-tryptophan (D-MT) to Methyl-
kynurenine (M-Kyn) in SKOV-3 cells. Mean reporter inten-
sities of independent time course experiments of cell culture
media of SKOV-3 cells incubated with 1000 uM 1-L-MT
(upper panels) or 1000 pM 1-D-MT (lower panels) in the
presence of 70 uM Trp. Mean intensities for Trp, Kyn, L-MT
and M-Kyn (n=3) or Trp, Kyn, D-MT and M-Kyn (n=2) are
shown.

[0058] FIG. 5. Metabolism of 1-L-methyl-tryptophan
(L-MT) and 1-D-methyl-tryptophan (D-MT) to Methyl-
kynurenine (M-Kyn) in SKOV-3 cells. Mean reporter inten-
sities of independent time course experiments of cell culture
media of SKOV-3 cells incubated with 200 pM 1-L-MT
(upper panels) or 200 uM 1-D-MT (lower panels)in the
absence of exogenous tryptophan in addition to that con-
tained in the serum: Mean intensities for Trp, Kyn, L-MT
and M-Kyn are shown (n=3).

[0059] FIG. 6. Methyl-kynurenine activates the aryl
hydrocarbon receptor. QRT-PCR analysis showing that
treatment of SKOV-3 cells with 1-D/L-MT under trypto-
phan-free conditions induces the AHR target genes CYP1Al
(A) and TIPARP (B).

[0060] FIG. 7. HPLC-MS/MS-MS analysis of TMT®
sixplex labelled cell culture supernatant from TDO2-ex-
pressing HEK cells after treatment with 1-L-MT (upper
panel) or 1-D-MT (lower panel). Six samples were used
from three independent biological samples at day 0 (medium
before contact with cells) and after 6 days of incubation with
1-L-MT and 1-D-MT, respectively. Mean reporter intensities
of independent experiments of cell culture supernatants
incubated with L-MT or D-MT (n=3).

[0061] FIG. 8. IDO1 degrades 1-MT to methyl-kynure-
nine. Analysis of TMT® sixplex labelled supernatants of
HEK cells overexpressing IDO1. Six samples were used
from three independent biological samples after incubation
with 1-L-MT (upper panels) or 1-D-MT (lower panels) at
day 0 (medium before contact with cells) and day 6. Mean
reporter intensities of independent experiments of cell cul-
ture supernatants incubated with L-MT or D-MT are shown
(n=3).

[0062] FIG. 9. [-MT is also degraded by immune cells.
Mean reporter intensities (B) of independent experiments of
dendritic cell culture supernatants (from donor 1) incubated
with L-MT (upper panelsjor D-MT (lower panels) after
stimulation with interferon gamma (1000 U/ml, n=3). Six
samples were used from three independent biological
samples at day 0 (medium before contact with cells) and
after 6 days of incubation with L-MT or D-MT.
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[0063] FIG. 10.1-L-MT is degraded to methyl-kynurenine
in a mouse model with inflammation -induced IDO expres-
sion. Relative abundances graphs of Trp, Kyn, 1-L-MT and
Methyl-kyn showing the relative changes of the four
selected analytes over time. “+”: mice stimulated with LPS
and injected with L-MT. Stimulation with LPS induced IDO
as demonstrated by increasing Kyn production and reduction
of trp. This stimulation also led to production of M-Kyn as
indicated by higher reporter ions in mice stimulated with
LPS and injected with L-MT.

[0064] FIG. 11. Tryptophan and kynurenine are reduced in
the serum of glioblastoma (GBM) patients. Relative abun-
dance of kynurenine (left) and tryptophan (Trp) in the sera
of healthy age-and sex-matched controls and glioblastoma
patients measured on a Triple Quadrupole TSQ Vantage
system. The abundances were calculated relative to a refer-
ence pool mixture consisting of equal volumes of the 4 sera
of controls and the 4 glioblastoma patients.

DEFINITIONS

[0065] The term “concentration or amount” refers to the
absolute or relative concentration or amount of biomarker in
the sample, for example as determined by reference to a
known concentration of a standard or relative to common
reference standard.

[0066] The term “comparing” or “compare” or grammati-
cal equivalents thereof, means measuring the relative con-
centration or amount of a biomarker in a sample relative to
other samples (for example protein concentrations or
amounts stored in proprietary or public databases).

[0067] The term “reference concentration or amount”
refers to, but it is not limited to, protein concentrations or
amounts stored in proprietary or public databases. The
“reference concentration or amount” may have been
obtained from a large screening of patients, or by reference
to a known or previously determined correlation between
such a determination and clinical information in control
patients. For example, the reference values may be deter-
mined by comparison to the concentration or amount of the
substance or protein in a control subject, for example a
healthy person (i.e. without dementia) of similar age and
gender as the subject. In addition, the reference values may
have been obtained from the same subject at one or more
time points which precede in time the test time point. Such
earlier sample may be taken one week or more, one month
or more, three months or more, most preferably six months
or more before the date of the test time point.

[0068] The term “control” refers to a tissue sample or a
bodily fluid sample taken from a human or non-human
subject that are undiagnosed with or present no symptoms of
the relevant disease. In an alternative the control may be a
sample taken from the same patient prior to treatment.
[0069] The terms “selected reaction monitoring”, “SRM”
and “MRM” means a mass spectrometry assay whereby
precursor ions of known mass-to-charge ratio representing
known biomarkers are preferentially targeted for analysis by
tandem mass spectrometry in an ion trap or triple quadrupole
mass spectrometer. During the analysis the parent ion is
fragmented and the number of daughter ions of a second
predefined mass-to-charge ratio is counted. Typically, an
equivalent precursor ion bearing a predefined number of
stable isotope substitutions but otherwise chemically iden-
tical to the target ion is included in the method to act as a
quantitative internal standard.
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[0070] As used herein, the term “subject” includes any
human or non-human animal. The term “non-human ani-
mal” includes all vertebrates, e.g., mammals and non-mam-
mals, such as non-human primates, rodents, sheep, dogs,
cats, horses, cows, chickens, amphibians, reptiles, etc.

[0071]

2 < ELIYS LEINT)

The term “treat”, “treating”, “treatment”, “pre-
vent”, “preventing” or “prevention”, or grammatical equiva-
lents thereof, includes therapeutic treatments, prophylactic
treatments and applications in which one reduces the risk
that a subject will develop a disorder or other risk factor.
Treatment does not require the complete curing of a disorder
and encompasses the reduction of the symptoms or undet-
lying risk factors.

[0072] The term “diagnosis”, or grammatical equivalents
thereof, as used herein, includes the provision of any infor-
mation concerning the existence or presence, non-existence
or absence or probability of the disorder in a patient. It
further includes the provision of information concerning the
type or classification of the disorder or of symptoms which
are or may be experienced in connection with it. This may
include, for example, diagnosis of the severity of the disor-
der.

[0073] The term “efficacy” indicates the capacity for ben-
eficial change of a given intervention (e.g. a drug, medical
device, surgical procedure, etc.). If efficacy is established,
that intervention is likely to be at least as good as other
available interventions, to which it will have been compared.
The term “efficacy” and “effectiveness” are used herein
interchangeably.

[0074] The term “stratifying” or grammatical equivalents
thereof indicates herein the identification of a group of
subjects with shared biological characteristics individualised
by using molecular, biochemical and imaging diagnostic
testing. Depending on the specific characteristics used to
identify the subject, stratification aims to select the optimal
management for the specific group of subjects and achieve
the best possible outcome in terms of risk assessment and
prevention (likelihood of developing a disease) or achieve-
ment of the optimal treatment outcome (management of the
disease).

[0075] The term “comprising” indicates that the subject
includes all the elements listed, but may, optionally, also
include additional, unnamed elements (i.e. open).

[0076] The term “and/or” where used herein is to be taken
as specific disclosure of each of the two specified features or
components with or without the other. For example “A
and/or B” 1s to be taken as specific disclosure of each of (i)
A, (i) B and (iii) A and B, just as if each is set out
individually herein.

[0077] Unless the context dictates otherwise, the defini-
tions of the features/terms set out above are not limited to
any particular aspect or embodiment of the invention and
apply equally to all aspects and embodiments that are
described herein.

DETAILED DESCRIPTION

[0078] Tryptophan degradation is a potent immunosup-
pressive mechanism regulating anti-tumor immune
responses, autoimmune diseases and chronic infection. The
inventors have employed Tandem Mass Tag® (TMT®; U.S.
Pat. No. 9,023,656) reagents to measure tryptophan and its
amine-containing metabolites/derivatives in a multiplex
approach using tandem mass spectrometry. This method
allowed simultaneous quantitative comparison of tryptophan
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degradation in six different samples. Application of this
methodology in a cell culture model reveals degradation of
the indoleamine-2,3-dioxygenase inhibitor 1-methyl-trypto-
phan to methyl-kynurenine. Applied to human serum
samples multiplex analysis showed reduced tryptophan lev-
els in glioblastoma patients in comparison to healthy con-
trols demonstrating that the novel method may prove useful
both in preclinical and clinical studies.

[0079] Chemical labelling of molecules with specific
functional groups is used to provide increased sensitivity
and chromatographic separation during the LC-MS analysis
(8). Labelled molecules show a higher m/z-value and dif-
ferent chromatographic separation. Analytes containing
amine-groups are commonly labelled with mass tags using
NHS-ester chemistry. A preferred mass tag is the commer-
cially available TMT® reagent (Life Technologies) that
comprises an amine-reactive NHS-ester group, a spacer arm
and a mass reporter moiety (or mass marker group). The
different TMT® reagents have the same mass and structure,
but contain different numbers of heavy isotopes in the mass
reporter moiety. These reagents are most often used in
multiplexed quantitative proteomics, whereby the attach-
ment of a TMT®-molecule to a molecule produces the same
nominal mass for labelled molecules from multiple samples.
The fragmentation of the TMT®-labelled molecule pro-
duces unique reporter ions which are used for multiplexed
sample quantitation. The reagents are available in various
sets, which enable multiplexing rates of up to ten. TMT®-
reagents were recently used for the analysis of amino acids
and other metabolites by RP-HPLC-MS analysis (9). The
inventors have adapted this technique to enable multiplex
relative quantification of the amino acid tryptophan and its
metabolites/derivatives. This allows sensitive detection and
highly reproducible relative quantitation of tryptophan and
its metabolites in cell culture supernatant as well as mouse
and human serum samples (e.g. of time course analyses,
biological replicates or multiple sample comparisons in vitro
and in vivo).

[0080] The clinically studied IDO inhibitor 1-methyl-tryp-
tophan (1-MT), a tryptophan analogue, is also amenable to
multiplex analysis using amine isobaric labelling and tan-
dem mass spectroscopy. The inventors, therefore, performed
analyses not only of tryptophan metabolism but also of its
most commonly used competitive inhibitor 1-MT.

[0081] The present invention provides tryptophan and/or
one or more metabolites thereof labelled with an amine-
reactive mass tag that enhances signal intensity in mass
spectrometry. Preferably the tryptophan and/or metabolites
thereof comprise:

[0082] 1. L-tryptophan;
[0083] ii. D-tryptophan;
[0084] iii. 1-L-methyl-tryptophan;
[0085] iv. 1-D-methyl tryptophan;
[0086] v. L-kynurenine;
[0087] vi. D-kynurenine;
[0088] vii. 1-L-methyl-kinurenine;
[0089] wviii. 1-D-methyl-kinurenine.
[0090] The mass tag may be an isobaric tag or an isotopic

mass tag. Preferably the mass tag is a dimethylpiperidine-
beta-alanine derivative comprising one or more heavy iso-
tope substitutions of hydrogen, carbon, nitrogen and/or
OXygel.

[0091] According to the present invention, a comparison
of four tryptophan analytes, i.e. tryptophan, methyl-trypto-
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phan, kynurenine and methyl-kynurenine, may be simulta-
neously explored in up to ten samples in one LC-MS run by
using amino-reactive isobaric labelling reagents.

[0092] Tryptophan and/or one or more metabolites thereof
may be measured by a method comprising:

[0093] a)labelling one or more test samples with one or
more mass tag;

[0094] b) labelling purified or synthetic preparations of
tryptophan and/or one or more metabolites thereof with
one or more additional mass tag to form a reference
sample, wherein the additional mass tags are isobaric or
isotopic variants of the same mass tags used in step a);

[0095] c¢) mixing the one or more labelled test samples
of step a) and reference sample of step b) in a pre-
defined ratio to form one or more analytical mixtures;

[0096] d) analysing the one or more analytical mixtures
by mass spectrometry wherein the quantity of trypto-
phan and/or one or more metabolites thereof in the test
samples is determined by comparing the signal inten-
sity at the desired mass to charge ratio of tryptophan
and/or one or more metabolites thereof with the corre-
sponding signal intensity at the mass to charge ratio of
tryptophan or its metabolite in the reference sample.

[0097] Preferably, the reference sample comprises trypto-
phan and/or one or more metabolites thereof labelled with an
amine-reactive mass tag that enhances signal intensity in
mass spectrometry. Also preferably the tryptophan and/or
metabolites thereof comprise:

[0098] 1i. L-tryptophan;
[0099] ii. D-tryptophan;
[0100] iii. 1-L-methyl-tryptophan;
[0101] iv. 1-D-methyl tryptophan;
[0102] v. L-kynurenine;
[0103] vi. D-kynurenine;
[0104] vii. 1-L-methyl-kinurenine;
[0105] wviii. I-D-methyl-kinurenine.
[0106] The mass tag may be an isobaric tag or an isotopic

mass tag. Preferably the mass tag is a dimethylpiperidine-
beta-alanine derivative comprising one or more heavy iso-
tope substitutions of hydrogen, carbon, nitrogen and/or
oxygen.

[0107] Insome embodiments, the method is performed by
Selected Reaction Monitoring using one or more transitions
for tryptophan and/or metabolites thereof, wherein the
method comprises:

[0108] 1. comparing the amount of tryptophan and/or
metabolites thereof in said one or more test samples
with amounts previously determined; or

[0109] ii. comparing the ratios of the amounts of tryp-
tophan to the amounts of two or more of metabolites of
tryptophan in said one or more test samples;

[0110] wherein the method further comprises determining
in said one or more test samples the rate and/or extent of
tryptophan metabolism; wherein the transitions are prefer-
ably as defined in Table 1 and/or Table 2.

[0111] Preferably, step 1) include determining the amount
of tryptophan and/or metabolites thereof in said one or more
test samples with known amounts of corresponding syn-
thetic tryptophan and/or metabolites thereof which are iden-
tical to those present in said one or more test samples but
have different isobaric or isotopic mass tags. More prefer-
ably, the different mass tags are either different in structure
or comprise different heavy isotope substitutions of hydro-
gen, carbon, nitrogen and/or oxygen.
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[0112] This approach can be extended to other analytes of
e.g. the tryptophan degradation pathway that carry amino
groups (2, 35-39).

[0113] Furthermore, the method is generally also appli-
cable for use with internal standards if absolute quantitation
is desired.

[0114] Therefore, the invention provides a method of
assaying for tryptophan and/or one or more metabolites
thereof, which method comprises:

[0115] a) combining a test sample, which may comprise
tryptophan and/or one or more metabolites thereof,
with a calibration sample comprising at least two
different aliquots of tryptophan and/or one or more
metabolites thereof, each aliquot of the calibration
sample having a different known quantity of tryptophan
and/or one or more metabolites thereof, wherein the
test sample and each aliquot of the calibration sample
are differentially labelled with one or more isobaric
mass labels each with a mass spectrometrically distinct
mass marker group, such that the test sample and each
aliquot of the calibration sample can be distinguished
by mass spectrometry:

[0116] b) determining by mass spectrometry the quan-
tity of tryptophan and/or one or more metabolites
thereof in the test sample and the quantity of tryptophan
and/or one or more metabolites thereof in each aliquot
in the calibration sample, and calibrating the quantity
of tryptophan and/or one or more metabolites thereof in
the test sample against the known and determined
quantities of tryptophan and/or one or more metabolites
thereof in the aliquots in the calibration sample.

[0117] Preferably, the tryptophan and/or one or more
metabolites thereof comprises:

[0118] 1. L-tryptophan;
[0119] ii. D-tryptophan;
[0120] iii. 1-L-methyl-tryptophan;
[0121] iv. 1-D-methyl tryptophan;
[0122] v. L-kynurenine;
[0123] vi. D-kynurenine;
[0124] vii. 1-L-methyl-kinurenine;
[0125] wiii. 1-D-methyl-kinurenine.
[0126] The test sample may comprise tryptophan and one

or more metabolites thereof and a calibration sample may be
provided for tryptophan and said one or more metabolites
thereof, and step (b) is repeated for tryptophan and each of
said one or more metabolites thereof.

[0127] Furthermore, the method may comprise an addi-
tional step prior to step (a) of differentially labelling each
test sample or each aliquot of the calibration sample with
one or more isobaric mass labels, and preferably the method
may comprise a further step of combining the differentially
labelled aliquots to produce a calibration sample prior to
step (a).

[0128] The particular mass spectrometry platform
employed is not limiting and includes but is not limited to
ion trap, quadrupole, time-of-flight and orbitrap systems.
Measurement of TMT®-labelled metabolites from biologi-
cal samples has been successful on different mass spectro-
metric platforms, i.e. a QTof 1I (Waters) mass spectrometer
coupled to an UPLC nanoL.C (Waters) or on an LTQ
Orbitrap Velos coupled to a Proxeon nanol.C-II and also a
triple quadrupole instrument (TSQ Vantage) coupled to
nanoL.C. By using a semi-targeted mass spectrometric
approach on the Q ToF II and the Orbitrap Velos Pro the
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present inventors were able not only to measure analytes
expected to be present in the samples (targeted), but also to
measure other analytes in a defined broader mass-range and
thus, to discover that 1-MT is metabolized to methyl-
kynurenine. This demonstrates one advantage of a MS
method setup that is also capable of analyzing metabolites in
a non-targeted fashion as used herein.

[0129] While being very time efficient, this also allows for
a precise comparison of the analyzed samples, suggesting
that this method may be also employed for preclinical and
clinical settings. In particular, as reduced tryptophan serum
concentrations have been reported in a wide variety of
conditions including diverse types of cancers, inflammatory
and autoimmune diseases (9, 42, 43), the method according
to the invention may prove useful for stratification of
patients to treatments with compounds modulating trypto-
phan degradation and monitoring of their efficacy.

[0130] Hence, tryptophan and/or metabolites thereof as
defined herein may be used in-vitro for monitoring the
effectiveness of a treatment in a subject, for stratifying
subjects, for diagnosing suppression of an immune response
in a subject, and/or for monitoring the recurrence of cancer
in a subject.

[0131] In particular, the present invention provides for a
method of monitoring the effectiveness of a treatment in a
subject by measuring the levels of tryptophan and/or
metabolites thereof with the methods described herein. Pref-
erably, the treatment is a cancer treatment.

[0132] Also, the present invention provides for a method
of stratifying subjects by measuring the levels of tryptophan
and/or metabolites thereof with the methods described
herein. In some embodiments of this aspect of the invention,
the subjects are stratified for a clinical trial.

[0133] Moreover, the present invention provides for a
method of monitoring in a subject the recurrence of cancer
after treatment by measuring the levels of tryptophan and/or
metabolites thereof with the methods described herein. The
monitoring may be performed at intervals of 6 months,
preferably at intervals of 3 months and most preferably at
intervals of one month.

[0134] Furthermore, the present invention provides for a
method of diagnosing suppression of an immune response in
a subject by measuring the levels of tryptophan and/or
metabolites thereof with the methods described herein. Pref-
erably, the suppression of the immune response is in a
subject suffering from cancer.

[0135] The subject of these methods is preferably a human
subject; the sample may be selected from blood, plasma,
serum, saliva, urine, tissue (e.g. biopsy) or combinations
thereof.

[0136] The mass tag or mass label of these methods may
be an amine-reactive mass tag or mass label that enhances
signal intensity in mass spectrometry. In the context of this
invention, the terms “mass tag” and “mass label” are intet-
changeable.

[0137] The present invention also provides for tryptophan
and/or metabolites thereof as defined in the first aspect of the
invention and its embodiments for an in-vitro use of moni-
toring the effectiveness of a treatment in a subject, of
stratifying subjects, of diagnosing suppression of an immune
response in a subject, and/or of monitoring the recurrence of
cancer in a subject. Alternatively, this eight aspect may be
formulated as an in-vitro use of tryptophan and/or metabo-
lites thereof as defined in any one of claims 1 to 5 for
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monitoring the effectiveness of a treatment in a subject, of
stratifying subjects, of diagnosing suppression of an immune
response in a subject, and/or of monitoring the recurrence of
cancer in a subject.

[0138] The present invention also provides for a kit com-
prising tryptophan and/or metabolites thereof labelled with
an amine-reactive mass tag that enhances signal intensity in
mass spectrometry, wherein the kit further comprises one or
more reagents to perform the methods described herein.
[0139] Preferably, the kit allows for the in-vitro monitor-
ing of the effectiveness of a treatment in a subject, in
stratifying subjects, in diagnosing suppression of an immune
response in a subject, and/or in monitoring the recurrence of
cancer in a subject.

[0140] The reagents of the kits according to the invention
may comprise any combinations of:

[0141] a) one or more reagents for precipitating proteins
in a sample;

[0142] b) tubes, vials, containers flask or the like for
handling the sample;

[0143] c¢) buffers for sample preparation;

[0144] d) amine-reactive mass tags, preferably TMT®
reagents (Thermo Fisher Scientific);

[0145] e) one or more reference samples of synthetic or
purified tryptophan and/or metabolites thereof labelled
with an amine-reactive mass tag;

[0146] ) instructions to perform any of the methods
described herein.

[0147] Preferably the kit comprises amine-reactive iso-
baric mass tags to label tryptophan and/or metabolites
thereof as described herein. Preferably, the isobaric mass
tags are labelled by incorporation of heavy isotopes of
hydrogen, carbon, nitrogen and/or oxygen.

EXAMPLES

[0148] Certain aspects and embodiments of the invention
will now be illustrated by way of example and with refer-
ence to the figures and tables described above. All docu-
ments mentioned in this specification are incorporated
herein by reference in their entirety for all purposes.

[0149] Materials and Methods
[0150] Cell Culture and Reagents
[0151] SKOV-3 ovarian carcinoma cells were cultured in

McCoy’s SA Medium (BioConcept, Allschwil, Switzerland)
supplemented with L-Tryptophan as indicated (Sigma-Al-
drich, Taufkirchen, Germany), 300 mg/l Glutamine (Carl
Roth, Karlsruhe, Germany), 10% FBS (Thermo Fisher Sci-
entific Inc., Waltham, Mass., USA) and 100 U/mL penicillin
and 100 pg/mL streptomycin (PAA Laboratories, Pasching,
Austria). Human embryonic kidney (HEK) cells were cul-
tured in DMEM (PAA Laboratories), 10% FBS (Thermo
Scientific) and 100 U/mL penicillin and 100 pg/ml strep-
tomycin (PAA Laboratories). Peripheral blood mononuclear
cells (PBMC) were isolated from healthy, non-related blood-
donors by density-gradient centrifugation using lymphocyte
separation medium LSA 1077 (PAA Laboratories) and cul-
tured in RPMI 1640 (PAA Laboratories) containing 10%
FBS (Thermo Fisher Scientific Inc) and 100 U/mL penicillin
and 100 pg/mL streptomycin (PAA Laboratories). For the
generation of dendritic cells (DC), CD14+ cells were sepa-
rated using the magnetic activated cell sorting (MACS)
technology (Miltenyi Biotec, Bergisch Gladbach, Germany)
and plated in RPMI 1640 (Cambrex, Verviers, Belgium)
containing 10% FBS, 200 IU/mL interleukin-4 and 1000
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TU/mL GM-CSF (Immunotools, Friesoythe, Germany) for 7
days. All cells were routinely tested for contamination by the
Multiplex cell Contamination Test (44). Cultures were incu-
bated at 37° C. in a 5% CO2 atmosphere. 20 mM stock
solutions (of 1-methyl-D-tryptophan (1-D-MT, lot numbers:
09315BH, 08007E]) and 1-methyl-L-tryptophan (1-L-MT,
lot numbers: 08023HE, 15399MJ) (Sigma-Aldrich) were
prepared by dissolving the inhibitors in 0.1 N NaOH. The
pH was adjusted to 7.5 using hydrochloric acid. To avoid
contamination of the cell cultures, the stock solutions were
filtered through 0.2 pm filters. Interferon-gamma (IFN-g)
was purchased from Immunotools (Friesoythe, Germany).

[0152] Quantitative (Q)RT-PCR

[0153] Total RNA was isolated with the Qiagen RNAeasy
RNA isolation kit (Hilden, Germany) and cDNA was syn-
thesized with the Applied Biosystems reverse-transcription-
Kit (Foster City, USA) according to manufacturer’s instruc-
tions. QRT-PCR was performed in an ABI 7000 thermal
cycler with SYBR Green PCR Mastermix (Applied Biosys-
tems) according to standard protocols. PCR reactions were
checked by including no-RT-controls, by omission of tem-
plates and by both melting curve and gel analysis. The size
of the amplicons was analyzed by loading the samples and
a 100 bp ladder (Invitrogen, Leek, Netherlands) on a 2%
agarose gel, which was then stained with ethidium bromide
and analyzed under UV light. Standard curves were gener-
ated for each gene and the amplification was 90-100%
efficient. Relative quantification of gene expression was
determined by comparison of threshold values. To exclude
amplification of GAPDH pseudogenes, GAPDH primer
sequences were derived from Carraro et al., 2005(25).
Relative quantification of gene expression was determined
by comparison of threshold values. All results were normal-
ized to GAPDH.

Primer sequences were (5'-3' forward, reverse):
CYP1AL:

(SEQ ID NO: 1)
CTTGGACCTCTTTGGAGCT,

(SEQ ID NO: 2)
GACCTGCCAATCACTGTG

GAPDH:
(SEQ ID NO: 3)
CTCTCTGCTCCTCCTGTTCGAC,

(SEQ ID NO: 4)

TGAGCGATGTGGCTCGGCT
IDO1:

(SEQ ID NO: 5)
TTCAGTGCTTTGACGTCCTG,

(SEQ ID NO: 6)
TGGAGGAACTGAGCAGCAT
TDO2 :

(SEQ ID NO: 7)
GGTTCCTCAGGCTATCACTACC;

(SEQ ID NO: 8)
CAGTGTCGGGGAATCAGGT

TIPARP:
(SEQ ID NO: 9)
CACCCTCTAGCAATGTCAACTC;

(SEQ ID NO: 10)
CAGACTCGGGATACTCTCTCC
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[0154] Overexpression of IDO and TDO in HEK Cells

[0155] The full length cDNA sequence of IDO1 and TDO
was cloned via Gateway® cloning into pDEST-Flag-C, a
Gateway® compatible overexpression vector containing a
single C-terminal FLAG-tag, resulting in pDEST-TDO-
FLAG-C and pDEST-IDO1-FLAG-C.

[0156] Basis for the pDEST-FLAG-C was the pDEST26
vector (Invitrogen). The 6xHis-tag of pDEST26 was
removed with site-directed mutagenesis PCR, resulting in
pDEST. The single C-terminal Flag-tag was introduced into
pDEST, by site-directed mutagenesis PCR, resulting in
Flag-C. 2x106 HEK293 cells were seeded into 6 well plates,
cultured for 24 h and transfected with 2 pug of pDEST-TDO-
FLAG-C, pDEST-IDO1-FLAG-C or empty control vector
using FUGENE HD reagent (Roche). Cells were selected
using 1.5 mg/ml neomycin (Sigma-Aldrich).

[0157] Treatment of Mice with LPS and/or 1-L-MT

[0158] Animal work was supervised by institutional ani-
mal protection officials in accordance with the National
Institute of Health guidelines Guide for the Care and Use of
Laboratory Animals. C57BL/6N mice were purchased from
Charles River (Sulzfeld, Germany). 80 pg/mouse LPS from
S. typhi was injected i.p. 1 mg/mouse 1-L-MT was injected
1.p. 1 hbefore the LPS injection. After 6 h, 12 h and 24 h the
mice were sacrificed and blood was drawn from their hearts.
The blood was centrifuged to obtain serum, which was
finally prepared for LC-MS/MS measurements.

[0159] Labelling of Pure Control Substances

[0160] L-tryptophan (Sigma-Aldrich), 1-Methyl-L-trypto-
phan (Sigma-Aldrich), L-kynurenine (Sigma-Aldrich), and
Methyl-L-kynurenine (own synthesis, see below) were
labelled for control reasons with the TMT®zero or TMT®
sixplex reagent (available through Thermo Fisher Scien-
tific). 500 pg of the substances were dissolved each in 500
uL, 100 mM triethylammonium bicarbonate (TEAB, Sigma-
Aldrich), then 168 ul of a 60 mM TMT® reagent stock
solution in ACN LichroSolv, VWR) were added. The reac-
tion was incubated for 1 hour at room temperature and
finally quenched by adding 70 pl of 5% aqueous hydrox-
ylamine solution (Sigma-Aldrich). Samples were dried and
reconstituted in 500 pL of water:acetonitrile 95:5 with 0.1%
trifluoroacetic acid for further analyses.

[0161] Synthesis of Methyl-Kynurenine
[0162] Synthesis of (S)-N-Methyl Kynurenine
NH,
[0}
{Bae),0
NaHCOs
—_—
THEF/H,0 2:1
0 NH, 97%
L-kynurenine
NH,
0 i. CHO
AcOH
MeCN
OH —m»
ii. NaCNBH;
O NHBoc
S1
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-continued
NH
(6]
TEA
CH,Cly
OH
(0] NHBoc
S2
*TFA
NH
¢}
OH
[0} NH,

(S)-N-methy! kynurenine

[0163] (S)-4-(2-aminophenyl)-2-((tert-butoxycarbonyl)

amino)-4-oxobutanoic acid (S1): To a suspension of
L-kynurenine (194 mg, 0.93 mmol) in a 2:1 THF/H,O
mixture (4 mL) was added NaHCO3 (189 mg, 1.78 mmol)
and di-t-butyl dicarbonate (216 mg, 0.99 mmol) at RT.
Within two minutes the reaction mixture clarified. After 2.5
h, the THF was removed with a rotary evaporator, the
remaining aqueous solution was acidified with 3M HCl (5
drops) and then extracted with CH,Cl, (3x5 mL). The
combined organic layers were washed with brine (5 mL),
dried (MgSO,), filtered, concentrated, and the product was
purified by silica gel column chromatography (10% MeOH
in CH,Cl,) to give 279 mg (97%) ox Sl as a yellow foam.

[0164] Rf0.27 (10% MeOH in CH,Cl,)
[0165] LC/MS (ESI) m/z=309
[0166] (S)-2-((tert-butoxycarbonyl)amino)-4-(2-(methyl-

amino )phenyl)-4-oxobutanoic acid (S2): To a solution of S1
(225 mg, 0.73 mmol) in acetonitrile (10 mL) was added
formaldehyde (100 (I, 37% it mmol). The pH was adjusted
to ~6 by the addition of acetic acid (50 pL). After 40 min at
RT, NaCNBH; (162 mg, 2.58 mmol) was added. After
another 90 min, the reaction mixture was diluted with H2O,
basified to pH 11 with 1 M NaOH, extracted with EtOAc
(3x10 mL). The combined organics were washed with brine
(10 mL), dried (MgSO4), filtered, concentrated, and the
product was purified by silica gel column chromatography
(10% MeOH in CH,CI,) to give S2 (75 mg, 32%) as a
yellow foam.

[0167] Rf0.33 (10% MeOH in CH2C12)
[0168] LC/MS (ESI) m/z=323
[0169] (S)—N-methyl kynurenine: To a solution of S2

(112 mg, 0.347 mmol) in CH,Cl, (30 mL) was added
trifluoroacetic acid (3 mL) at RT. After 90 min, the solvent
was removed on a rotary evaporator. The resulting solid was
dissolved in MeOH and concentrated three times in succes-
sion to remove excess TFA. The product was purified by
crystallization from a mixture of EtOAc/Et20 to give (S)—
N-methyl kynurenine (45 mg, 58%) as a yellow powder.
[0170] [a]D* -44° (c 0.50. MeOH)

[0171] ‘HNMR (400 MHz, CD,0D) 87.79 (dd, J=8.2, 1.5
Hz, 1H), 7.43 (ddd, J=8.6, 7.0, 1.5 Hz, 1H), 6.78 (d, J=8.7,
1H), 6.62 (ddd, J=8.1, 7.0, 1.1 Hz, 1H), 4.17 (dd, J=7.7,3.3
Hz, 1H),3.73 (dd, J=18.5, 3.3 Hz, 1H), 3.64 (dd, J=18.5,7.7
Hz, 1H), 2.91 (s, 3H) ppm.
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[0172] “*C NMR (100 MHz, CD,OD) 199.4, 172.9,
153.6, 137.0, 132.7, 117.4, 115.3, 112.6, 51.3, 39.9, 293
ppm.

[0173] 'F NMR (376 MMz, CD,0D) § -79.4 ppm.
[0174] LC/MS (ESD) m/z=223

[0175] TMT® Labelling of Cell Culture Supernatants
[0176] 50 pL of each single cell culture supernatant was

labelled with TMT® sixplex reagents (Thermo Fisher Sci-
entific). The supernatant was diluted with 5 pL of 1M
triethylammonium bicarbonate (TEAB, Sigma-Aldrich) and
then 17 pL of a 60 mM TMT® reagent stock solution in
ACN (LichroSolv, VWR) were added. The reaction was
incubated for 1 hour at room temperature and finally
quenched by adding 8 uL of 2.5% aqueous hydroxylamine
solution (Sigma-Aldrich). The six samples to be conpared
were mixed and dried.

[0177] Sample Preparation of Mouse Serum Samples for
Measurements on the Orbitrap Velos Pro

[0178] 50 puL of serum sample was precipitated with 50 pL.
TCA-solution (60 g/1) at 4° C. overnight. The suspension
was centrifuged for 15 minutes at 4° C. at 6000 g. The pellet
was discarded and the supernatant used for further experi-
ments after neutralization with 1 M NaOH to pH 7-8.

[0179] 66 pL of each precipitated and neutralized mouse
serum sample were diluted with 6 plL of 1M triethylammo-
nium bicarbonate (TEAB, Sigma-Aldrich) and then 24 pl. of
a 60 mM TMT reagent stock solution in ACN (LichroSolv,
VWR) were added. The reaction was incubated for 1 hour at
room temperature and finally quenched by adding 12 pL of
2.5% aqueous hydroxylamine solution (Sigma-Aldrich).
The respective six labelled serum samples to be compared
were mixed and dried.

[0180] Sample Preparation of Human Serum Samples for
Measurements on the TSQ Vantage System

[0181] Human serum was obtained from 4 glioblastoma
patients 4 age- and sex-matched healthy controls after
informed consent. The serum was immediately spun down
and stored at —-80° C. until further analysis. The 8 human
serum samples (4 sera of controls and 4 glioblastoma cases)
were used to prepare two TMT® sixplex mixtures for
analysis on an EASY-nLL.C II TSQ Vantage system (Thermo
Scientific). Here, the study design comprised a reference
pool mixture of the 4 sera of controls and the 4 glioblastoma
cases. This reference sample consisted of equal volumes of
each individual sample. Each TMT® sixplex mixture there-
fore contained a reference mixture, two sera from control
patients and two from tumour patients—the sixth channel
was left blank. Sample preparation was performed as
described above. TMT®-labelled samples were mixed and
dried.
[0182]

[0183] The dry TMT® sixplex mixtures were reconsti-
tuted in 300 pl of water:acetonitrile 95:5 with 0.1% trif-
luoroacetic acid (buffer A). 150 ul. were fractionated by
reversed phase chromatography (Nucleosil 120-5 C18 col-
umn, 250 mmx4.6 mm, Macherey Nagel) using a Waters
2695 HPLC with UV detection at 214 nm. After loading, the
sample was washed 4 min with buffer A. Then, the sub-
stances were eluted by increasing the acetonitrile content
within 40 min to 55%. The flow rate was kept at 1.5 mL/min
over the entire gradient. The fraction from 18-30 minutes
was collected and dried.

Reversed Phase Purification of the Mixed Samples
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[0184] Mass Spectrometric Measurement of Cell Culture
Supernatant and Serum Samples

[0185] Samples were either measured on a QTof IT (Wa-
ters) mass spectrometer coupled to an UPLC nanoL.C (Wa-
ters) on an LTQ Orbitrap Velos Pro (Thermo Scientific)
coupled to a Proxeon nanol.C-II (Thermo Scientific) or a
triple quadrupole system coupled to nanoLC-II (EASY-nL.C
1T TSQ Vantage system). The samples were resolved in 150
ul 2% ACN, 0.1% formic acid (1 pL. sample=1 pl, mixed
supernatant equivalent).

[0186] For the QTof MS runs, the cell supernatant sample
mixtures were diluted 1:20 in 2% ACN and 0.1% formic
acid and 3 ul were injected for LC-MS/MS analysis.
[0187] For the Orbitrap MS runs, cell culture supernatant
sample mixtures were diluted 1:100 in 2% ACN and 0.1%
formic acid and 2 ul were applied for LC-MS/MS analysis
(~0.02 ul mixed sample).

[0188] For the Orbitrap MS runs the mixed mouse serum
sample was dissolved in 2% ACN, 0.1% formic acid and
~0.88 uL. of mixed serum equivalent was loaded on column.
For LC separation, a 25 minutes gradient was used to
separate the analytes of choice (15% to 30% ACN). The
prepared human serum sample mixtures were solved in 2%
ACN, 0.1% formic acid and 1 ul mixed serum equivalent
used per MS-run.

[0189] For MS analysis on the QTof, survey full-scan MS
spectra (m/z 350-500) were acquired with a scan time of
1000 ms and inter-scan delay of 100 ms. Each full scan was
followed by the selection of the two most intense ions for
collision induced dissociation (CID)-MS/MS analysis with a
scan time of 2000 ms and an inter-scan delay of 100 ms.
Only singly charged precursors were selected for further
MS/MS acquisition. MS/MS was triggered data-dependent
for m/z 434.27; 438.27; 448.27; 452.27 (500 mDa).

[0190] For high resolution MS analysis on the Orbitrap, a
selected ion monitoring (SIM) Top10 HCD (high-collision
dissociation) method was used to monitor the analytes of
choice.

[0191] The SIM m/z range was from 350-500 Th with a
resolution of 60000 and an AGC setting of Sed4 with a
maximum scan time of 500 ms. MS/MS was acquired as
TOP10 in HCD mode with a resolution of 7500 and an AGC
setting of 5e4 with a maximum scan time of 500 ms.
Isolation width was 1.5 amu and normalized collision energy
was 60. The default charge state of the precursor was set to
7z=1. All other charge states were rejected. Analytes of
interest were acquired in MSMS mode using an inclusion
list only mode (=50 ppm) and all other analytes not included
in the list were discarded. Analytes were then identified by
their m/z, retention time and typical fragments and their
TMT® sixplex reporter intensities exported using an in-
house adapted version of MZmine. The inclusion list con-
tained the calculated masses of the four analytes tryptophan,
methyl-tryptophan, kynurenine and methyl-kynurenine
being labelled with TMT® sixplex-reagents.

[0192] Extracted ion chromatograms were visualized
using either MassLynx 4.1 (Waters) for QTof data or Xcali-
bur2.1 (Thermo Scientific) for Orbitrap data and reporter ion
intensities as well as product ions were exported from
accumulated MS/MS spectra of the corresponding analytes.
[0193] For MS analysis on a Triple Quadrupole TSQ
Vantage system the two TMT® sixplex mixtures of human
serum samples were resuspended in 150 pulL 2% ACN/0.1%
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FA, diluted 1:20 and 2 pl. (0.1 pL serum equivalent) injected
into an EASY-nL.C II TSQ Vantage system (Thermo Scien-
tific).

[0194] First samples were loaded on a 2 cm long (OD 360
wm, ID 100 pm) capillary column filled with 5 pm ReproSil-
Pur C18-AQ (Dr. Maisch GmbH) for trapping and clean-up.
Then, analytes were separated through a 15 ¢m long (OD
360 um, ID 75 um) capillary column filled with 3 pm
ReproSil-Pur C18-AQ (Dr. Maisch GmbH) using a 25
minutes gradient from 15 to 30% acetonitrile in 0.1% FA at
300 nl./min.

[0195] Eluting analytes were ionized by nano electrospray
at 1.6 kV. The Triple Quadrupole instrument was operated in
positive and SRM mode. Capillary temperature was set to
220° C. Transition parameters were as stated in Table 1 and
Table 2 for tryptophan and kynurenine, respectively. Tran-
sition scan time was calculated at 24 ms. Peak width
(FWHM) for Q1 and Q3 were set to 0.5 and 0.7, respec-
tively. Collision gas pressure was set to 1.8 mTorr, chrom-
filter peak width to 6.0 s and declustering voltage to 5 V.

TABLE 1

Transition parameters for tryptophan

Analyte Parent Product CE S-lens
TMT ® 126 434.26 126.13 29 172
TMT ® 127 434.26 127.13 29 172
TMT ® 128 434.26 128.13 29 172
TMT ® 129 434.26 129.14 29 172
TMT ® 130 434.26 130.14 29 172
TMT ® 131 434.26 131.14 29 172
Fragment 188 434.26 188.07 28 172
TABLE 2

Transition parameters for kynurenine

Analyte Parent Product CE S-lens
TMT ® 126 438.25 126.13 35 173
TMT® 127 438.25 127.13 35 173
TMT® 128 438.25 128.13 35 173
TMT® 129 438.25 129.14 35 173
TMT® 130 438.25 130.14 35 173
TMT ® 131 438.25 131.14 35 173
Fragment 146 438.25 146.06 28 173

[0196]

[0197] Data was analysed in Skyline 3.1 (skyline.gs.wash-
ington.edu) using its small molecule capabilities. Fragment
ion signals were used for identification verification. Peak
integration of TMT® reporter channels was manually edited
and areas were exported for further analysis.

[0198]

[0199] For immunohistochemistry, the rabbit anti-TDO2A
antibody (1:400) was used (20). Sections cut to 3 um were
incubated and processed with the TDO2 antibody using a
Ventana BenchMark X T® immunostainer (Ventana Medical
Systems, Tucson, Ariz., USA). The Ventana staining proce-
dure included antigen-retrieval pretreatment with Ventana
cell conditioner 1 (pH 8) for 1 h followed by incubation with
the TDO2 antibody at 37° C. for 32 min. Incubation was
followed by Ventana standard signal amplification, Ultra-
Wash, counterstaining with hematoxylin and bluing reagent

Processing of TSQ Vantage Data

Immunohistochemistry
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for 4 min. For visualization, the ultraView™Universal Fas-
tRed Detection Kit (Ventana Medical Systems) was used.
[0200] Statistical Analysis

[0201] Data is expressed as mean Experiments were
repeated at least three times with similar results. Analysis of
significance was performed using the Student’s t-test (Sig-
maPlot, Systat Software Inc., San Jose, Calif., USA).
[0202] Results

[0203] TMT®-Labelling of Tryptophan, 1-L-Methyl-
Tryptophan, Kynurenine and Methyl-Kynurenine

[0204] Labelling of the pure substances L-tryptophan,
1-L-methyl-tryptophan, L-kynurenine and methyl-kynure-
nine with TMT®-reagent resulted in HPLC retention time
shifts, indicating that the analytes are successfully and
completely labelled. MS measurements on a QTof II (Wa-
ters) instrument with direct infusion of varying amounts of
TMT®-labelled L-tryptophan, 1-L-methyl-tryptophan,
L-kynurenine and 1-L-metyl-kynurenine compared to unla-
belled substances revealed that the TMT®-labelled analytes
produced clearly higher signals than the unlabelled sub-
stances. The mass spectrometric response of TMT®-1abelled
tryptophan was more than 100-fold that of unlabelled tryp-
tophan. 1-L-methyl-tryptophan and methyl-kynurenine pro-
duced a 200-fold higher MS-signal when labelled with
TMT®-reagent, whereas for kynurenine the effect was lower
with a more than two-fold higher signal. MS/MS-spectra
showed that TMT®-reporter ion fragments are measureable
and furthermore the signal intensities were clearly higher
than for the structural fragments, proving that an efficient
fragmentation is achieved and that the TMT®-reporter ions
are ideal for quantitative purposes (data not shown).
[0205] Isobaric labelling enables multiplex measurement
of tryptophan degradation in six cell culture supernatant
samples in one experiment. SKOV-3 ovarian cancer cells
constitutively degrade tryptophan to kynurenine in an IDO1-
mediated fashion (10) and hence, they were used them as a
model cell line to analyse the degradation of L- and D-tryp-
tophan to kynurenine using a novel MS/MS-based TMT®
sixplex approach.

[0206] Tryptophan and kynurenine concentrations in cul-
ture supernatants serve as a good readout for IDO1 activity
of cells, and therefore SKOV-3 cell culture supernatant
samples were used for the experiments. Each of six different
SKOV-3 cell culture supernatant samples was labelled with
one of six different TMT® sixplex reagents (Table 3).

TABLE 3

SKOV-3 cell culture supernatant samples labelling

Sample TMT ®
1 126
2 127
3 128
4 129
5 130
6 131

[0207] The six samples to be compared were mixed and
subjected to HPLC/MS analysis, in which the analytes are
separated by retention time and mass. Labelling of sub-
stances with TMT® sixplex reagents increases the monoiso-
topic mass [M+H] of tryptophan from 205.0969 to 434.2598
and of kynurenine from 209.0918 to 438.2547. MS/MS
fragmentation of the labelled analytes (selected based on
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their exact masses) produces reporter ions that allow for
relative quantitation of the analytes in each of the six
samples. The identity of the analyzed MS signals was
confirmed by the presence of substance-related fragments
identical to the MS/MS spectra of the pure substances (data
not shown).

[0208] Tryptophan and kynurenine in cell culture super-
natant of SKOV-3 cells were measured in TMT® sixplex
mixtures of either three independent biological samples at
day 0 (before contact with cells) and day 6 (day 0, day 6, day
0, day 6, day 0, day 6) or in time course experiments (day
0, 1, 2, 3, 4 and 5;). The results show that after 6 days of
incubation, L-tryptophan was completely depleted from the
media and a strong increase in Kynurenine was observed
(FIG. 1, top panels: L-tryptophan left and L-kynurenine
right). Time course analysis revealed that L-tryptophan
depletion from the media of SKOV-3 cells occurred between
day 2 and 3 of incubation and maximal kynurenine concen-
trations were reached at day 3 (FIG. 1, bottom panels:
L-tryptophan left and L-kynurenine right). In contrast,
D-tryptophan was not entirely depleted from the media after
6 days of incubation (FIG. 2, top panels: D-tryptophan left
and D-kynurenine right) and maximal concentrations of
D-kynurenine were reached at day 5 (FIG. 2, bottom panels:
D-tryptophan left and D-kynurenine right), reflecting slower
degradation of D-tryptophan than L-tryptophan.

[0209] Multiplex Experiments Reveal that 1-MT is
Degraded to Methyl-Kynurenine by Human Cancers Cells
[0210] To study the dynamics of tryptophan degradation
after treatment with the IDO inhibitor 1-L-MT, three inde-
pendent biological samples of cell culture supernatants at
day 0 and after 6 days of incubation of SKOV-3 cells with
1-L-MT were analyzed. Surprisingly, the supernatants of
SKOV-3 cells that had been incubated with 1-L-MT yielded
apeak at m/z452.2706 Th. This mass corresponds to TMT®
sixplex-labelled methyl-kynurenine.

[0211] This indicates that in analogy to the metabolism of
tryptophan to kynurenine, 1-L-MT is metabolized to methyl-
kynurenine. The presence of methyl-kynurenine was con-
firmed by the accurately measured exact mass, its retention
time equal to the methyl-kynurenine standard and two
fragments from the MS/MS spectra (data not shown). One of
the fragments of methyl-kynurenine was observed at m/z
134.06 corresponding to a higher mass of 14 Th (inserted
methylene group) compared to the known kynurenine frag-
ment at m/z 120.04 Th. The second fragment was detected
at m/z 160.07 Th corresponding to the peak at m/z 146.06 Th
from kynurenine plus 14 Th from the inserted methylene
group.

[0212] In the 6 days 1-L-MT was completely depleted
from the cell culture media while in parallel a strong
increase in methyl-kynurenine was observed (FIG. 3; left
1-L-MT, right M-Kyn). To further study the dynamics of the
degradation of 1-MT time course analyses were performed
with two different concentrations of 1-MT and tryptophan,
respectively. Four different analytes, tryptophan, kynure-
nine, 1-MT and methyl-kynurenine were measured from cell
culture supernatants of SKOV-3 cells at days 0, 1, 3,4, 5 and
6 (FIGS. 4 and 5). The cells had been incubated with the L-
or the D-enantiomer of 1-MT (1-L-MT or 1-D-MT) in order
to gain information on putative differences in the metabo-
lism of the two enantiomers of 1-MT. We analysed two
different experimental setups: supernatants from cells
treated with 1) 1000 pM 1-MT with 70 uM tryptophan added
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to tryptophan-free medium (FIG. 4; upper panel 1-L-MT;
lower panel 1-D-MT) and ii) 200 uM 1-MT with no tryp-
tophan in addition to that present in the serum (FI1G. 5; upper
panel 1-L-MT; lower panel 1-D-MT). Both enantiomers of
1-MT were degraded to methyl-kynurenine, however, 1-L-
MT was degraded more quickly than 1-D-MT and higher
levels of methyl-kynurenine were reached (FIGS. 4 and 5).
Tryptophan was metabolized to kynurenine more quickly
and higher kynurenine levels were reached in the samples
treated with D-MT than with L-MT (FIGS. 4 and 5). This
may reflect a higher affinity of L-MT to the degrading
enzyme than D-MT, causing a competitive substrate like
tryptophan to be metabolised more quickly in D-MT
samples.

[0213] Kynurenine has been shown to suppress immune
responses by activating the aryl hydrocarbon receptor
(AHR)(3). Surprisingly, methyl-kynurenine generated by
the degradation of 1-D/L-MT is capable of activating the
AHR. Treatment of SKOV-3 cells with 1-D/L-MT under
tryptophan-free conditions induced the AHR target genes
CYP1A1 and TTPARP (FIGS. 6(A) and (B)), suggesting that
methyl-kynurenine produced through degradation of 1-I/L-
MT activates the AHR.

[0214] IDO is the Relevant Enzyme for the Degradation of
1-MT to Methyl-Kynurenine

[0215] To analyze which enzyme degrades IMT to
methyl-kynurenine, we performed multiplex measurements
of the supernatants of human embryonic kidney (HEK) cells
that do not constitutively degrade tryptophan, and of HEK
cells expressing either IDO or TDO. As expected HEK
control cells (WT) degraded neither tryptophan nor 1-MT
(data not shown). HEK cells expressing TDO degraded
tryptophan to kynurenine, but no decrease of 1-MT was
detected in the cell supernatants (FIG. 7; upper panels
1-L-TM, lower panel 1-D-TM). Only, a very slight increase
in methyl-kynurenine was detected after treatment of the
cells with 1-L-MT, but not 1-D-MT reflecting weak degra-
dation of 1-L-MT, which was not detectable as a decrease of
1-L-MT due to relatively high amounts of the substrate.
[0216] In contrast, HEK cells expressing IDO produced
methyl-kynurenine from both 1-L-MT (FIG. 8, upper panel)
and 1-D-MT (FIG. 8, lower panel). In line with this, the
amount of 1-L-MT slightly decreased, whilst a decrease of
1-D-MT was not detectable, possibly again due to the high
amounts of the substrate. These data indicate that, while
TDO-expressing cells may be capable of degrading minute
amounts of 1-L-MT, IDO-expressing cells are able to
degrade both enantiomers of 1-MT to methyl-kynurenine.
[0217] 1-MT Degradation in Human Dendritic Cells
[0218] Immune cells can also express tryptophan-degrad-
ing enzymes and tryptophan degradation is known to exert
potent immunosuppressive effects (9). To assess whether
also immune cells, such as dendritic cells, degrade 1-MT to
methyl-kynurenine, three independent biological samples of
supernatants of human dendritic cells from two different
donors were analysed (only donor 1 shown). Dendritic cells
were stimulated with interferon-gamma (IFN ) to induce
IDO activity. We compared the three samples at day 0 and
after 6 days of incubation with either 1-L-MT (FIG. 9 upper
panels) or 1-D-MT (FIG. 9, lower panel). After 6 days of
incubation a reduction of 1-L-MT and an increase in methy]l-
kynurenine were detected in the media of the dendritic cells
from both donors (FIG. 9 upper panel), indicating that
1-L-MT is metabolized to methyl-kynurenine by human
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dendritic cells. Experiments with dendritic cells incubated
with 1-D-MT showed an increase in methyl-kynurenine.
However, no clear reduction of 1-D-MT levels was mea-
sured, possibly again due to relatively high amounts of the
substrate (FIG. 9 lower panel). In summary, human dendritic
cells metabolize 1-MT to methyl-kynurenine, with 1-L-MT
being metabolized more efliciently than 1-D-MT.

[0219] Isobaric Labelling Enables the Detection of
Methyl-Kynurenine in the Serum of Mice with Inflamma-
tion-Induced IDO Expression

[0220] To explore whether the degradation of 1-MT also
takes place in vivo, we analysed the sera of mice with
LPS-induced IDO activity in the presence and absence of
1-L-MT. Two groups of mice were used and analysed at 3
different time points (6, 12 and 24 h after LPS administra-
tion). Both groups were stimulated with LPS to induce IDO
activity. In addition, 1-L-MT was administered to the second
group in order to assess the metabolism of 1-L-MT. LPS-
stimulation appeared to successfully activate IDO in mice as
treatment with LPS induced tryptophan degradation.
Kynurenine levels in the mouse serum increased from 6 to
24 h after LPS administration (FIG. 10). Tryptophan con-
centrations were lowest 12 h after LPS administration.
However, its concentration increased again at 24 h, possibly
reflecting mechanisms counteracting systemic tryptophan
depletion. The group of mice that had been injected with
1-L-MT (indicated by “+” in FIG. 10) displayed signifi-
cantly higher 1-L-MT concentrations than the control group.
The highest concentration of 1-L.-MT was reached 24 h after
administration, which may be due to slow absorption of
1-L-MT into the serum after intraperitoneal injection. In
mice, in which IDO activity was induced by LPS and
1-L-MT was provided as a substrate, significantly higher
concentrations of methyl-kynurenine were observed in com-
parison to mice treated with LPS alone, which suggests
metabolism of 1-L-MT to methyl-kynurenine in vivo.
Higher methyl-kynurenine concentrations were already
measured at 6 h and increased further up to 12 h after
injection of 1-L-MT.

[0221] Multiplex Analysis Reveals Reduced Tryptophan
Serum Concentrations in Glioblastoma Patients

[0222] Tryptophan metabolism is a target for cancer
immunotherapy and clinical trials with IDO1 inhibitors are
currently ongoing. Glioblastomas express high levels of the
tryptophan degrading enzyme TDO, resulting in reduced
serum tryptophan concentrations of these patients in com-
parison to healthy controls (3). Effective measurement of
tryptophan and kynurenine levels in the blood is necessary
to stratify patients to these treatments and to monitor treat-
ment efficacy. In the present study, high expression of TDO?2
was detected in the glioblastoma tissue of the patients from
which sera were collected, suggesting that they would also
show reduced serum tryptophan levels. The tryptophan and
kynurenine abundance in the sera from four glioblastoma
patients and four age- and sex-matched controls using two
TMT® sixplex mixtures and a reference based design were
compared. For this purpose a mixed reference sample was
prepared that consisted of equal volumes of each individual
sample. This reference sample enables comparison of all of
the samples in the study. Fach TMT® sixplex mixture
contained the reference mixture, two sera from controls and
two from glioblastoma patients. As triple quadrupole instru-
ments are increasingly used in high-throughput and clinical
settings, we established the multiplex measurement of tryp-
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tophan and kynurenine on a nL.C 1T TSQ Vantage system.
Tryptophan and kynurenine were measured from 0.1 pl
serum-equivalent of the mixed sample, which corresponds
to 0.017 ul of individual serum sample per measurement.
Tryptophan and kynurenine levels were significantly
reduced in the sera of glioblastoma patients compared to
healthy age—and sex-matched controls (FIG. 11 showing
the mean relative ratios calculated to the mixed reference
sample of the analytes tryptophan and kynurenine in the two
groups). The mean levels of tryptophan and kynurenine are
reduced by a factor of 1.8 and 2, respectively. The good
agreement with previous results (3) demonstrates that our
setup is useful in measuring tryptophan and its metabolites
in biological fluids such as serum.

[0223]

[0224] The present inventors have demonstrated that both
enantiomers of 1-MT are metabolized to methyl-kynurenine
both in SKOV-3 cells as an example for cancer cells and also
in dendritic cells as an example for cells of the immune
system. Multiplex measurements suggest that IDO is able to
catalyse the degradation of both enantiomers of 1-MT. TDO
may be capable of degrading minute amounts of 1-L-MT,
while degradation of 1-D-MT by TDO was not detectable.
Multiplex measurements of mice sera demonstrate that
methyl-kynurenine is also produced from 1 L-MT after
LPS-stimulation in vivo. Experiments, in which SKOV-3
cells are treated with 1-MT, suggest that the product methy]l-
kynurenine activates the aryl hydrocarbon receptor and thus
may suppress immune responses as has been shown for
kynurenine (3). The formation of methyl-kynurenine may
therefore counteract the inhibition of IDO by 1-MT, sug-
gesting that other inhibitors, which are not themselves
degraded to an aryl hydrocarbon receptor ligand, may be
more efficient in mediating the desired effects.

[0225] Importantly, multiplex measurements of trypto-
phan in human serum samples have allowed comparison of
serum tryptophan concentrations of glioblastoma patients
with those of healthy controls. Glioblastomas are known to
efficiently degrade tryptophan due to the expression of high
levels of TDO, leading to reduction of serum tryptophan
concentrations (3). Multiplex measurements revealed
reduced tryptophan concentrations in the sera of glioblas-
toma patients, indicating that this method indeed is suitable
for the measurement of tryptophan and kynurenine in human
serum e.g. in clinical settings. While this reduction in serum
tryptophan is not specific for glioblastomas as reduced
tryptophan serum concentrations have been reported in a
wide variety of conditions including diverse types of can-
cers, inflammatory and autoimmune diseases(9), it still may
prove useful for stratification of patients to treatments with
compounds modulating tryptophan degradation and moni-
toring of their efficacy.

Summary of Results
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 10
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: PCR primer

<400> SEQUENCE: 1

cttggacctce tttggagcet

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 2

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: PCR primer

<400> SEQUENCE: 2

gacctgecaa tcactgty

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 3

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: PCR primer

<400> SEQUENCE: 3

ctetetgete ctectgtteg ac

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 4

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: PCR primer

<400> SEQUENCE: 4

tgagcgatgt ggctegget

<210>
«211>
<212>
<213>
«220>
«223>

SEQ ID NO 5

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: PCR primer

«<400> SEQUENCE: 5

19

18

22

19
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-continued

ttcagtgett tgacgtectg 20

<210> SEQ ID NO 6

<211>» LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 6

tggaggaact gagcagcat 19

<210> SEQ ID NO 7

<21l> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223 > OTHER INFORMATION: PCR primer

<400> SEQUENCE: 7

ggttcctecayg gctatcacta cc 22

<210> SEQ ID NO 8

<21l> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 8

cagtgtcggg gaatcaggt 19

<210> SEQ ID NO 9

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 9

caccctctag caatgtcaac tc 22
<210> SEQ ID NO 10

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 10

cagactcggg atactctcte ¢ 21

1. A compound comprising tryptophan and/or one or more vii. 1-L-methyl-kinurenine; and/or
metabolites thereof, labelled with an amine-reactive mass
tag that enhances signal intensity in mass spectrometry.

2. The compound of claim 1, wherein the tryptophan
and/or one or more metabolites thereof comprise:

viii. 1-D-methyl-kinurenine.

3. The compound of claim 1, wherein the mass tag is an
isobaric tag.

1. L-tryptophan; 4. The compound of claim 1, wherein the mass tag is an
ii. D-tryptophan; isotopic mass tag.

%ii. 1-L-methyl-tryptophan; 5. The compound of claim 1, wherein the mass tag is a
iv. 1-D-methy! tryptophan; dimethylpiperidine-beta-alanine derivative comprising one
v. L-kynurenine; or more heavy isotope substitutions of hydrogen, carbon,

vi. D-kynurenine; nitrogen and/or oxygen.
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6. A method of measuring tryptophan and/or one or more
metabolites thereof, wherein the method comprises:

a) labelling one or more test samples with one or more
mass tags;

b) labelling purified or synthetic preparations of trypto-
phan and/or one or more metabolites thereof with one
or more additional mass tags to form a reference
sample, wherein the one or more additional mass tags
are isobaric or isotopic variants of the same mass tags
used in step a);

¢) mixing the one or more labelled test samples of step a)
and the reference sample of step b) in a predefined ratio
to form one or more analytical mixtures;

d) analysing the one or more analytical mixtures by mass
spectrometry, wherein the quantity of tryptophan and/
or one or more metabolites thereof in the test samples
is determined by comparing the signal intensity at the
desired mass to charge ratio of the tryptophan and/or
one or more metabolites thereof with the corresponding
signal intensity at the mass to charge ratio of the
tryptophan and/or the one or more metabolities thereof
in the reference sample.

7. The method of claim 6, wherein the reference sample
comprises the tryptophan and/or one or more metabolites
thereof as defined in claim 1.

8. The method of claim 6, wherein the method is per-
formed by Selected Reaction Monitoring using one or more
transitions for the tryptophan and/or metabolites thereof,
wherein the method comprises:

1. comparing the amount of the tryptophan and/or metabo-
lites thereof in said one or more test samples with
amounts previously determined; or

ii. comparing the ratios of the amounts of the tryptophan
to the amounts of two or more of metabolites of
tryptophan in said one or more test samples;

wherein the method further comprises deter mining in
said one or more test samples the rate and/or extent of
tryptophan metabolism, wherein the transitions are
defined in Table 1 and/or Table 2.

9. The method of claim 8, wherein step i) includes
comparing the amounts of the tryptophan and/or metabolites
thereof in said one or more test samples with known
amounts of corresponding synthetic tryptophan and/or
metabolites thereof which are identical to those present in
said one or more test samples but have different isobaric or
isotopic mass tags.

10. The method of claim 9, wherein the different mass
tags are either different in structure or comprise different
heavy isotope substitutions of hydrogen, carbon, nitrogen
and/or oxygen.

11. A method of assaying for tryptophan and/or one or
more metabolites thereof, wherein the method comprises:
a) combining a test sample, comprising tryptophan and/or
one or more metabolites thereof, with a calibration
sample comprising at least two different aliquots of the
tryptophan and/or one or more metabolites thereof,
each aliquot of the calibration sample having a different
known quantity of the tryptophan and/or one or more
metabolites thereof, wherein the test sample and each
aliquot of the calibration sample are differentially
labelled with one or more isobaric mass labels each
with a mass spectrometrically distinct mass marker
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group, such that the test sample and each aliquot of the
calibration sample can be distinguished by mass spec-
trometry;

b) determining by mass spectrometry the quantity of the
tryptophan and/or one or more metabolites thereof in
the test sample and the quantity of the tryptophan
and/or one or more metabolites thereof in each aliquot
in the calibration sample, and calibrating the quantity
of the tryptophan and/or one or more metabolites
thereof in the test sample against the known and
determined quantities of the tryptophan and/or one or
more metabolites thereof in the aliquots in the calibra-
tion sample.

12. The method of claim 11, wherein the tryptophan

and/or one or more metabolites thereof comprises:

1. L-tryptophan;

ii. D-tryptophan;

iii. 1-L-methyl-tryptophan;

1v. 1-D-methyl tryptophan;

v. L-kynurenine;

vi. D-kynurenine;

vii. 1-L-methyl-kinurenine; and/or

viii. 1-D-methyl-kinurenine.

13. The method of claim 11, wherein the test sample
comprises the tryptophan and one or more metabolites
thereof and wherein a calibration sample is provided for the
tryptophan and the one or more metabolites thereof, and
wherein step (b) is repeated for the tryptophan and each of
the one or more metabolites thereof.

14. The method of claim 11, wherein the method com-
prises a further step prior to step (a) of differentially label-
ling each test sample or each aliquot of the calibration
sample with one or more isobaric mass labels, and of
combining the differentially labelled aliquots to produce a
calibration sample prior to step (a).

15. The method of monitoring the effectiveness of a
treatment in a subject by measuring the levels of the tryp-
tophan and/or one or more metabolites thereof according to
claim 6.

16. The method of claim 15, wherein the treatment is a
cancer treatment.

17. The method of stratifying subjects by measuring the
levels of the tryptophan and/or one or more metabolites
thereof according to claim 6.

18. The method of claim 17, wherein the subjects are
stratified for a clinical trial.

19. The method of monitoring in a subject the recurrence
of cancer after treatment by measuring the levels of the
tryptophan and/or one or more metabolites thereof according
to claim 6.

20. The method of claim 19, wherein the method is
performed at intervals of 6 months or 3 months.

21. The method of diagnosing suppression of an immune
response in a subject by measuring the levels of the trypto-
phan and/or one or more metabolites thereof according to
claim 6.

22. The method of claim 21, wherein the suppression of
the immune response 1s in a subject suffering from cancer.

23. The method of claim 15, wherein the subject is a
human subject.

24. The method of claim 6, wherein the sample is selected
from blood, plasma, serum, saliva, urine, tissue or a com-
bination thereof.
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25. The method according to a claim 6, wherein the mass
tag or mass label is an amine-reactive mass tag or mass label
that enhances signal intensity in mass spectrometry.

26. An in vitro method for monitoring the effectiveness of
a treatment in a subject, of stratifying subjects, of diagnosing
suppression of an immune response in a subject, and/or of
monitoring the recurrence of cancer in a subject, comprising
measuring the level of the tryptophan and/or one or more
metabolites thereof in at least one sample obtained from the
subject or the subjects, wherein the sample is selected from
blood, plasma, serum, saliva, urine, tissue, or a combination
thereof.

27. The kit comprising the tryptophan and/or metabolites
thereof in of claim 1, wherein the kit further comprises one
or more reagents to perform a method of measuring the
tryptophan and/or one or more metabolites thereof.
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