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(57) Abstract: Methods are provided for assessing a clinical response to a glucocorticoid receptor antagonist (GRA) in a human sub-
ject and for diagnosing Cushing's syndrome.
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METHODS FOR DIAGNOSING AND ASSESSING TREATMENT FOR

3 CUSHING'S SYNDROME
CROSS-REFERENCES TGO RELATED APPLICATIONS
{00061] This application claims priority to 11.S. Provisional Application No. 62/163,130,
filed on May 18, 2015.
10

BACKGROUND OF THE INVENTION
j6862] Glucocorticoids (GCs) are a class of steroid hormones that bind to and activate the
glucocorticoid receptor (GR), which is present in almost every vertebrate cell. The GR is
pleiotropic and rcgulates a varicty of important pathways in the vertebrate organism, for
15 example, metabolism, immunity, and development.. As such, detection of GR acuivity or
regulation can be used to diagnose a variety of different vertebrate diseases, or assess a

clinical or biochemical responsc to treatments that wodulate GR activity,

j00603] For example, detection of GR activity or regulation can be used for detection of
various forms of Cushing’s svndrome. As another example, glucocorticoid receptor

20 antagonists (GRAs) can be administered to a patient to treat a number of different diseases
and conditions, and detection of a change i GR activity in response to admmmstiation of the

(GRA can mdicate or assess a clinical or biochemical response to the treatment. However,

currcnt methods and compositions for assessing GR activity sutfer fiom one or more of the
following insufficiencies: high cost, low sensitivity, low specificity, high false positive rate,
25 orhi gh false negative rate. Thercfore, there remains a need for improved methods and

compositions for detection of GR activity,

BRIEF SUMMARY OF THE INVENTION
[8884] In afirst aspect, the present invention provides a method for assessing a chnical or
30 biochemical response to a glucocorticoid receptor antagonist (GRA) in a human subject, the
raetbod compnising: a) mcasuring a first amount, or activity of 51 kDa FK506 binding protein

Date Regue/Date Received 2022-05-06
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(FEBPS5 protein) or a first expression level of a gene encoding FKBPS protein in a first
sample from the subject, wherein: i) the first sample comprises primary cells; and i1} the first
sample 1s or was obtained before administering the GRA to the subject; b) optionally
adnunistering the GRA to the subject; ¢) measunng a second amount or activity of FKBEPS
protein or a second expression level of a gene encoding FEBPS protein in a second sample
from the subject, wherein: i) the second sample comprises primary cells; and 11} the second
sample is or was obtained after administering the GRA to the subject; and d) comparing the
first and second amounts, activities, or expression levels, wherein a redoction in the amount
or activity of FKBPS protein or a reduction in the expression level of the gene encoding
FKBPS protein in the second sample as compared to the first sample indicates the clinical or
biochemical response to the GRA. In some cases, the absence of a reduction indicates a lack

of a clinical response or a lack of biochemical response to the GRA.

(00051 Inasecond aspect, the present invention provides a method for assessing a chinical
or biochemical response to a GRA in a human subject, the method comprising: a) measuring
a first amount, or activity of 31 kDa FK506 binding protein (FK.BP3S protein) or a first
expression level of a gene encoding FKBPS protein in a first sample from the subject,
wherein: 1} the first sample comprises primary cells; and ii) the first sample is or was obtained
before administering the GRA to the subject; b) optionally administering the GRA to the
subject; ¢} measuring a second amount or activity of FKBPS protein or a second expression
level of a gene encoding FKBPS protein in a second sample from the subject, wherein: i) the
sccond sample comprises primary cells; and ii) the second sample is or was obtained after
administering the GRA to the subject; dy comparing the first and second amounts, activities,
or expression levels to obtain an FKBPS difference value; ¢) comparing the difference value
to a threshold difference value derived from a cohort of at least 20 or 30 or 50 test
mndividuals; and ) identifying the subject as having or not having the clinical or biochemical
response to the GRA based on a comparison of the difference value and threshold difference
value, In some casces, the threshold difference value is a threshold reduction valoe and a
presence of a reduction in FKBPS amount or activity between the first and second sample
that is greater than a threshold reduction value indicates a clinical or biochemical response to
the GRA. In some cases, the threshold difference value is a threshold reduction value and a
presence of a reduction in FKBPS amount or activity between the first and second sample
that is similar to {e. g, within about 5%, 10%, 13%., 20%, 23%, 30%, 35%, 40%, 45%, 50%,

60%, or 70% of) a threshold reduction value indicates a clinical or biochemical response 1o
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the GRA. In some cases, the at least 20 or 30 or 30 test individuals are subjects known to
have or suspected of having Cushing’s syndrome. In some cases, the threshold difference
value 1s determined by subtracting a posi-GRA adousistration FKBPS amount, activity, or
expression from a pre-GRA administration FRKBPS amount, activity, or expression in a cohort
of 20 or 30 or 50 test individuals known to have or suspected of having Cushing’s syndrome

that is controlled or well-controlled by GRA administration.

[60606] In some embodiments, the subject is administered a GRA m multiple doses and the
first sample 1s obtained prior to administering the multiple doses of GRA and the second
sample is obtained after administering the multiple doses of GRA to the subject. In some
embodiments the measuring of a} and/or ¢} comprises quantitating an amount of mRNA
encoding FKBPS protein in the sample. In some embodiments, the measuring of a) and/or ¢
comprises quantitating the amount of FKBPS protein o the sample. In some embodiments
the measuring comprises guantitating the amount of FKBPS protein activity in the sample. In
some embodiments, the quantitating the amount of FKBPS protein activity in the sample
comprises measuring FKBPS protein peptidyl-prolyl-cis-trans isomerase activity in the
sample. In some embodiments, the quantitating the amount of FKBP5 protein activity in the
sample comprises measuring the amount of FKBPS protein bound to glucocorticoid receptor
{GR) in the sample.

(6807} In some embodiments, the administering the GRA to the subject comprises
adnunistering mifepristone to the subject. In some embodiments, the administering the GRA
to the subject comprises administering a GRA that is not mifepristone 1o the subiect. In some
embodiments, the administering the GRA to the subject comprises administering a
heteroarvi-ketone GRA. In some embodiments, the first or second samples comprise whole
blood, or a fraction thercof. In some embodiments, the first and second samples comprise
whole blood, or a fraction thercof. In some embodiments, the first or second samples
comprise nasal epithelial scraping samples. In some emboduments, the patient i1s in need of
administration of the glucocorticoid receptor antagonist (GRA}. In some embodiments, the

patient has elevated levels of cortisol.

[0008] In some embodiments, the patient has cancer and the first and second samples
comprise tumor cells. Tn some embodiments, the first or second samples comprise whole
blood, or a fraction thereof. In some embodiments, the first and second samples comprise

whole blood, or a fraction thereof. In some embodiments, the method comprises
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administering an increased amount of GRA {o the subject in the absence of a detected
reduction in the amount or activity of FKBPS protein or a detected reduction in the

expression level of the gene encoding FKBPS protein in the second sample.

[6002] In athird aspect, the present invention provides a method for diagnosing Cushing’s
syndrome in a human subject, the method comprising: a) measuring an amount, or activity of
51 kIba FK506 binding protein (FKBPS protein) or an expression level of a gene encodimng
FKBPS protein in a sample obtained or provided from the subject, wherein the sample
comprises primary cells; and b) identifying the subject as likely to be suffering from
Cushing’s syndrome when the amount, activity or expression level 1s high relativeto a
control. In some cases, the control comprises a value derived from at least 100 or at least 200
test individuals. In some cases, the test individuals are subjects that are known to not exhibit
Cushing’s syndrome. In some cases, the test individuals are subjects that arc known to have
normal cortisol levels or are known to lack hypercortisolemia. In some cases, the control
comprises a value derived from at least 20 or 30 or 30 test individuals. In some cases, the test
individuals are subjects diagnosed with Cushing’s syndrome and undergoing therapy with a
GRA. In some cases, the test mdividuals are subjects diagnosed with Cushing’s syndrome,
undergoing therapy with a GRA, wherein at least one symptom of the Cushing’s syndrome is

mitigated or climinated by the GRA therapy.

[6810] In a fourth aspect, the present invention provides a method for assessing a clinical
or biochenucal response to a GRA in a human subject, the method comprising: a) measuring
an amount, or activity of 51 kDa FK506 binding protein (FKBPS protein) or an expression
level of a gene encoding FRKBPS protein in a sample from the subject, wherein: i) the sample
comprises primary cells; and i1) the sample is or was obtained after administering the GRA to
the subject; d) comparing the amount, activitics, or expression level of FKBPS to a control
value derived from a cohort of at least 100 or at least 200 test individuals; and ) identifving
the sebject as having or not having the clinical or biochemical response to the GRA based on
a comparison of the FKBPS amount, activity or expression level to the control value, In
some cases, the at least 100 or at least 200 test individuals are nonmal subjects that are not
otherwise in need of a GRA. In some cases, the at least 100 or at least 200 test individuals do
not have Cushing’s syndrome. In some cascs, the at least 100 or at least 200 test individuals
do not have clevated levels of cortisol. In some cases, the at least 100 or at least 200 test

mdividuals do not have, or do not exhibit symptoms of hypercortisolemia.
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[0011] In some embodiments, the measuring comprises quantitating an amount of mRNA
encoding FKBPS protein in the primary cells of the sample. In some embodiments, the
measuring comprises guanitiating the amount of FKBPS protein in the primary cells of the
sample. In some embodiments, the measuring comprises quantitating the amount of FKBP5
protein activity in the primary cells of the sample. In some embodiments, the quantitating the
argount of FKBPS protein activity in the primary cells of the sample comprises quantitating
FKBPS protem peptidyl-prolyl-cis-trans 1somerase activity in the primary cclls of the sample.
In some embodiments, the quantitating the amount of FKBPS protein activity in the primary
cells of the sample comprises guantitating the amouat of FKBP3S protein bound to GR in the
primary cclls of the sample. In some embodiments, the sample obtained from the subject
comprises whole blood, or a fraction thercof. In some embodiments, the subject has
undergone transsphenoidal surgery before the sarple is obtained from the subject. In some
embodiments, the sample is obtained from the subject less than eleven days after the subject
is treated with transsphenoidal surgery. In some embodiments, the sample is obtained from
the sabject less than two, four, or six weeks after the subject is treated with transsphenoidal
surgery. In some embodiments, the method comprises administering a treatment for
Cushing’s syndrome when the amount or activity of FKBPS protein or the expression level of
the gene encoding FKBP3 protein is high relative to a control. In some cases, the
administering the treatment for Cushing’s syndrome comprises administering to the subjecta

glucocorticoid receptor antagonist {GRA)

10012} In a fifth aspect, the present invention provides a method for assessing a clinical or
biochemical response in a human subject to administering to the subject a medical or surgical
therapy for treatment of hypercortisolemia, the method comprising: a) measuring a first
amount, or activity of 51 kDa FK506 binding protein (FKBPS protein} or a first expression
level of a gene encoding FKBPS5 protein in a first sample from the subject, wherein: 1) the
first sample comprises primary cells; and 1) the first sample 1s or was obtamed before
administering the medical or surgical therapy for treatment of hypercortisolemia to the
subject; b) optionally administering the medical or surgical therapy for treatment of
hypercortisolemia to the subject; ¢) measuring a sccond amount or activity of FKBPS protein
or a second expression level of a gene encoding FKBPS protein in a second sample from the
subject, wherein: 1} the second sample comprises primary cells; and i1} the second sample is
or was obtained after administering the medical or surgical therapy for treatment of

hypercortisolemia to the subject; and d) comparing the first and second amounts, activities, or
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expression levels, wherein a reduction in the amount or activity of FKBPS protein or a
reduction in the expression level of the gene encoding FKBPS protein in the second sample
indicates the clinical response or the biochemical response to the medical or surgical therapy
for treatment of hypercortisolemia. For example, a reduction in the amount or activity of
FKBPS protein or a reduction in the expression level of the gene encoding FKBPS protein in
the second sample can indicate that the medical or surgical therapy is successful i treating

the hypercortisolism.

{0013} In a sixth aspect, the present invention provides a method for assessing a clinical or
biochemical response to administering to the subject a medical or surgical therapy for
treatment of hypercortisolemia, the method comprising: a} measuring a first amount, or
activity of 51 kDa FK 3506 binding protein (FKBPS protein) or a first expression level of a
gene encoding FKBPS protein in a first sample from the subject, wherein: 1) the first sample
comprises primary cells; and 1) the first sample i1s or was obtained before admunistering the
GRA to the subject; b) optionally administering the medical or surgical therapy for treatment
of hypercortisolemia to the subject; ¢) measurmg a sccond amount or activity of FKBPS
protein or a second expression level of a gene encoding FKBPS proten in a second sample
from the subject, wherein: 1} the second sample comprises primary cells; and 11} the second
sample is or was obtained after administering the GRA to the subject; d) comparing the first
and second amounts, activitics, or expression levels to obtain an FKBPS difterence value; ¢)
comparing the difference value to a threshold difference value derived from a cohort of at
least 20 or 30 or 50 test individuals; and f) identifying the subject as having or not having the
clinical or biochemical response to the GRA based on a comparison of the difference value
and threshold difference value. In some cases, the threshold difference value 1s a threshold
reduction value and a presence of a reduction in FKBPS5 amount or activity between the first
and second sample that is greater than, or similar to, a threshold reduction value indicates a
clinical or biochemical respounse to the GRA. In some cases, the at least 20 or 30 or 50 test

mndividuals are subjects known to have or suspected of having Cushing’s syndrome.

[6614] In some embodiments, the medical or surgical therapy for treatment of
bypercortisolemia is selected from the group consisting of inhibition of stercidogenesis,
administration of an ACTH modulator, GRA administration, : transsphenoidal surgery, repeat
transsphenoidal surgery, unilateral adrenalectomy, bilateral adrenalectomy, radiotherapy,
resection of a non-pituitary ACTH-secreting tumor, treatment with a peptide receptor

radionuchde therapy. and combinations thereof. In some embodiments, the inhibition of

)
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steroidogenesis comprises administration of ketoconazole, levoketoconazole, metyrapone,
LCI699, mitotane, aminoghitethimide, etomidate, or a combination thereof. In some
embodiments, the administration of an ACTH modulator comprises administration of a
dopamine agonist, somatostatin, a somatostatin analog, retinoic acid, R-roscovitine, or a
combination thereof. In some embodiments, the dopamine agonist is selected from the group
consisting of bromocriptine and cabergoline. In some embodiments, the method comprises
adminstering an additional medical or surgical therapy for treatment of hypercortisolenna in
an absence of a detected reduction n the amount or activity of FKBPS protein or reduction in

the expression level of the gene encoding FKBPS protein in the second sample.

[G0i5] In some embodiments the measuring of a) and/or ¢) comprises quantitating an
amount of mRNA encoding FKBPS protein in the sample. In some embodiments, the
measuring of a) and/or ¢} comprises quantitating the amount of FKBPS protein in the sample.
In some embodiments the measuring comprises quantitating the amount of FKBPS protein
activity in the sample. In some embodiments, the quantitating the amount of FKBPS protein
activity in the sample comprises measuring FKBPS protein peptidyl-prolyl-cis-trans
isomerase activity in the sample. In some embodiments, the quantitating the amount of
FKBP3 protein activity in the sample comprises measuring the amount of FKBPS protein

bound to glucocorticoid receptor (GR) in the sample.

[0016] In some embodiments, the GRA administration comprises administering
mifepristone to the subject. In some embodiments, the GRA administration comprises
administering a GRA that is not mutepristone to the subject. In some embodiments, GRA
administration comprises administering a heteroaryi-ketone GRA. In some embodiments, the
first or second samples comprise whole blood, or a fraction thereof. In some embodiments,
the first and second samples comprise whole blood, or a fraction thereof. In some
ermmbodiments, the first or second samples comprise nasal epithelial scraping samiples. In
some embodiments, the patient is in need of a medical or surgical therapy for treatment of

hypercortisolemia. In some ¢mbodiments, the patient hag elevated levels of cortisol.

BRIEF DESCRIPTION OF THE DRAWINGS
(00171 FIG. 1: depicts a study scheme for examining the expression level of the gene
FRBP3, which encodes the FKBP3 protein, in response to administration of a GR modulator.

I this scheme, healthy subjects are administered a GR agonist, followed by co-
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administration of a GR agonist and a GR antagonist (GRA). Blood samples are obtained
from 10 subjects before each dose and at various time points after cach dose. FKBP5
expression levels are measured before dosing on each day, and at sclected times after dosing

on each day.

[0018] FIG. 2: depicts the fold difference in GAPDH normalized FKBPS expression levels
in samples taken before and after administration of the indicated GR agonist (prednisone), or
before and after administration of the mdicated GR agonist in combination with the indicated

GR antagonist (mifepristone or CORT125134).

DEFINITIONS
[0019] The abbreviations used herein have thetr conventional meaning within the chemical
and biological arts. As used in this specification and the appended claims, the singular forms

Hey 808

a,”" "an," and "the” mclude plural reference unless the context clearly dictates otherwise.

[00820] As used herein, “glucocorticoid receptor” (“GR”) refers to the type I GR or nuclear
receptor subfamily 3, group C, member 1 (NR3C1), which specifically binds to cortisol
and/or cortisol analogs such as dexamethasone (See, e.g., Turner & Muller, J Mol Endocrinol
October 1, 2005 35 283-292). The GR is also referred to as the cortisol receptor. The term

includes isoforms of GR, recombinant GR and mutated GR.

[6021] “Glucocorticoid receptor antagonist” (“GRA™) refers to anv composition or
compound which partially or completely inhibits (antagonizes) the binding of a
glucocorticoid receptor {(GR) agonist, such as cortisol, or cortisol analogs, synthetic or
natural, to a GR. A “specific glucocorticoid receptor antagonist” refers to any composition or
compound which inhibits any biological response associated with the binding of a GR to an
agonist. By “specific,” the drug preferentially binds to the GR rather than other nuclear
receptors, such as mineralocorticoid receptor (MR), androgen receptor (AR), or progesterone
receptor (PR). It is preferred that the specific glucocorticoid receptor antagonist bind GR
with an affinity that is 10-fold greater (1/ 10" the Kq value} than its affinity to the MR, AR, or
PR, both the MR and PR, both the MR and AR, both the AR and PR, or to the MR, AK, and
PR. In a more preferred embodiment, the specific glucocorticoid receptor antagonist binds
GR with an affinity that i1s 100-fold greater (1/ 100 the Ky value) than its affinity to the MR,
AR, or PR, both the MR and PR, both the MR and AR, both the AR and PR, orto the MR,
AR, and PR,
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[6622] “Human subject” refers to a haman primate. The human subject can be a person
having, or suspected of having, Cushing’s syndrome or a disease or condition that can be
treated with a GRA. Similarly, “a patient in need of administration of a ghucocorticoid
receptor antagonist (GRA}Y” can be a person having or, or suspected of having, Cushing’s
syndrome or a disease or condition that can be treated with a GRA. Exemplary diseases or
conditions that can be treated with a GRA include, but are not mited to cancer, breast
cancer, triple negative breast cancer, prostate cancer, metastatic prostate cancer, ovarian
cancer, Cushing’s syndrome, or Cashing’s disease. In some cases, the human subject can be
a person that has been previously treated with transsphenoidal surgery (e.g., to remove
tumors of the pituitary gland, such as pituitary adenomas). For cxample the subject may bave
undergone transsphenoidal surgery to treat Cushing’s disease. In some cases, the human
subject previously treated with transsphenoidal surgery can be a subject that has undergone
transsphenoidal surgery less than, or less than about, 20 davs, 19 days, 18 davs, 17 days, 16
days, 15 days, 14 days, 13 days, 12 days, 11 days, 10 days, 9 days, 8 days, 7 days, 6 days, 5

days, 4 days, 3 days, 2 days, or I day ago.

[60231 “Assessing a clinical or biochemical response to a glucocorticoid receptor
antagonist (GRA)” refers to detecting or quantifying a response to an administered GRA.

The clinical response can be an mdication that the GRA is likely to be successful in treating a
disease or condition, or successful in mitigating or ameliorating one or more symptoms of a
disease or condition. The biochemical response can be an indication that the GRA isata
dose that is sufficient to alter, or significantly alter, the physiology of the subject to which the
GRA 15 administered. The biochemical response can be an indication that the GRA is hkely
to be successful m treating a disease or condition, or successful in mitigating or ameliorating
one or more symptoms of a disease or condition. The discase or condition can be, e.g.,
hypercortisolemia or Cushing’s syndrome. The chinical or biochemical response can be
assessed by detecting a change in GR activity or regulation caused by or correlated with
administration of a GRA. For example, a change in the amount or activity of FEBPS protein,
or the expression level of a gene encoding FKBPS protein, in response to administration of a

GRA can be detected to assess a chinical response or a biochemical response to a GRA.

[6024] “Assessing a clinical or biochemical response to administering a medical or surgical
therapy for treatment of hypercortisolemia™ and the like, refers to detecting or quantitating a
response to the administered therapy. The clinical response can be an indication that the

therapy is likely to be successful in treating the hypercortisolemia, or successful in mitigating
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or ameliorating one or more symptoms of the hypercortisolemia. The biochemical response
can be an indication that the administered therapy has altered, or significantly altered, the
physiology of the subject to which the therapy is administered. The biochemical response
can be an indication that the therapy is likely to be successful in treating the
hypercortisolemia, or successfol in mitigating or ameliorating one or more symptoms of the

hypercortisolemia.

[6025] “Measuring an amount or activity of FKBPS protein” refers to measuring the
amount of FKBPS protein or measuring the amount of an activity of the FKBP3 protein in a
sample. The activity can be cis-frans prolyvl isomerase activity, FIC506 or rapamycin binding
activity, GR binding activity, or chaperone activity {e.g., steroid hormone chaperone

activity).

(00267 “Measuring an expression level of a gene encoding FKBPS protein”™ generally refers
to measurement of the amount of mRNA encoding FKBP3 protein in a sample, or measuring
the production of mRNA cncoding FKBPS protein in the sample. Methods for measuring
mRNA or mRNA production include, but are not limited to, RT-PCR, digital RT-PCR, RNA-
seq {e.g., Methods Mol Biol. 2014;1158:71-91), and microarray analysis.

(08277  “Primary cells” refers to cells that have not been immortalized or passaged more
than one time. Primary cells include human cells that have been taken directly from an

individual without any subsequent culturing or division.

[06028] “Sample” refers to a biological sample obtained from any tissue or organ of a
huoman subject. The sample can be any cell or tissue sample from a human subject. Samples
can be subject to various treatment, storage or processing procedures before bemng analyzed
according to the methods described herein. Generally, the terms "sample” or "samples”™ are
not mtended to be imited by their source, origin, manner of procurement, treatment,
processing, storage or analysis, or any modification. The biological sample can contain
primary cells oniginating from a human subject. The sample can contain an FKBPS
polypeptide or portion thereof, a nucleic acid encoding an FKBPS polypeptide or portion
thercof, an amplification or reverse transcription product of a nucleic acid encoding an
FKBPS polypeptide or portion thereof, or combination of any two or more of the foregoing
polypeptides, nucleic acids, amplification products, reverse transcription products, or portions

thereof.
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[06629] “Whole blood” refers to blood collected from a human subject that is not subject to
serum or plasma separation. “A fraction thereof” in the context of such whole blood refers to
any fraction of whole blood, such as plasma, serum, a leukocyte fraction, a red blood cell

fraction, a sample of peripheral blood mononuclear cells, and the like.

[6036] “Control” or “control value™ in the context of amount or activity of FKBP3 protein,
expression levels of the FKBPS gene, or a fold-change i FKBPS amount, activity, or
expression level, can refer to a level that is typically found in a subject under various clinical
conditions. For example, the control value can be an amount typically found in a Cushing’s
patient. As another example, the control value can be an amount typically found i a healthy
{e.g., non-Cushing’s) patient. As another example, the contrel value can be a fold-change
tvpically observed when a patient or cells of a patient are administered a GRA (e.g., ata
typical dose), wherein the patient or cclls of the patient exhibit a clinical response to the GRA
or exhibit a biochemical response to the GRA. As another example, a control value can be a
fold-change that is typically observed when a patient or cells of a patient are administered a
GRA (e.g., at a typical dose), wherein the patient or cells of the patient that do not exhibita

clinical response to the GRA or do not exubit a biochemical response to the GRA.

[0031] In some cases, the control value is a normalized conirol value. The normalized
control value can be normalized against a house keeping gene (e.g., GAPDH) or protein, or
normalized against total protein or RNA (e.g., mRNA) levels as described herein. In some
cases, the control value is an absolute value, or an absolute value per sample volume, or per

number of cells in a sample.

DETAILED DESCRIPTION OF THE INVENTION

I Istroduction
[6032] The S1-kDa FK506 binding protein (FKBP51 or FKBP3} is part of the
immunophilin family, a superfamily of highly conserved proteins first characterized by their
ability to bind to immunosuppressant drugs (Barik, 2006; Baughman er /., 1993}, In
addition to their drug binding capabilities, some FK3506 binding immunophiling are also
protein chaperones, and have the related but apparently separate ability o isomerize proline

residues (PPlase activity) (Barik, 2006}
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[0033] The FKBPS protein is an hsp90 co-chaperone that interacts with steroid hormone
receptors, including the glucocorticoid receptor (GR), the progesterone receptor, and the
androgen receptor (O Leary, 2013}, It is one of the chaperones that maintams vn-liganded
GR in the cytoplasm, thus reducing the affinity of GR for cortisol and reducing translocation
of GR to the nuclens. Proline cis-trans isomerization is tmportant for proper protein folding,
but deletion of the N-terminal PPlase domain had little effect on the e¢fficacy of the FKBPS
protein as a chaperone. It appears that the binding activity of the FEKBPS protein may be

more important than its PPlase enzymatic activity in terms of GR signaling (O Leary, 2013).

[0034] FKBPS gene expression is induced by glucocorticoids (including cortisol) as part of
an intracellular ultrashort negative feedback loop for GR activity (Vermeer, 20033, This
induction is mediated by GR (Vermeer, 2003, Caldwell 2010). Chronic administration of
corticosterone to mice, also results in elevated FKBPS gene expression (Lee, 2010; Ewald,
20143,

(0038  Overexpression of FKBPS in virro reduces glucocorticoid binding affinity and
nuclear translocation of GR. Naturally occurring over-expression of FKBP3 causes GR
resistance in New World monkeys (Scammell, 2001), which is accompanied by increased
cortisol levels. A role for FKBPS in bone destruction, the development of osteoporosis in
rheumatoid arthritis, and in ghicocorticoid induced ostcoporosis has been suggested (Kimura,
2013). Overexpression of FKBPS in vive in a rTg45 10 tau transgenic mouse model resulted
in an increase in the level of phosphorylated tav and was associated with neuronal loss (Blair,
2013). In humans, overexpression of FKBPS has been associated with Alzheimer’s discasc
{Blair, 2013).

[0036] Polymorphisms of FKBPS have been limked with several diseases, including
depression (Binder 2004), post-traumatic stress disorder (Binder 2008), mood disorders
{Binder 2009) and bipolar disorder (Willour, 2009). FKBPS5 polymorphisms have also been

linked to the response to anti-depressant treatment (Binder, 2004),

[6037] Yang ef ol demonstrated that fasting induces FKBPS gene expression in the
hypothalamus in mice and rats. Ovcrexpression of the FKBPS gene in mice on a high fat dict
resulted in persistent elevated body weight and impaired glucose tolerance, suggesting that
elevated FKBP3 expression and/or elevated FKBP3 protein levels or activity promotes an

obese phenotype.
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[0838] A recent study by Pereira ef af (Metabolism, 2014) demonstrates that the FKBPS
gene is regulated by dexamethasone in human subcutaneous and omental adipose tissue.
FXBP35 is among the top genes stimulated by the GR agonist dexamethasone. The authors
also report that FKBPS expression in adipose tissue is correlated with markers of insulin
resistance. In addition, SNPs in the FIKBPS region were associated with type 2 diabetes and

diabetes-related traits.

a. Treatment of diseases with a glucocorticoid receptor antagonist (GRA)
[0083%] The GR is involved in a wide varicty of discases or conditions. In some cases,
antagonizing GR activity or signaling (e.g., by administration of a glucocorticoid receptor
antagonist (GRA)}) can treat such diseases or condittons. However, there exists a great deal
of variability in the susceptibility of certain diseases or conditions to treatment with a GRA.
In some cases, the cells, tissue, or organ affected by the disease or condition can be, or can
become, resistant to, or unaffected by, the admanistration of one or more GRAs. For
example, although certain breast cancer cells (e.g., triple negative breast cancer cells) can be
responsive to GRA treatment {e.g.. in combination with one or more chemotherapeutics), not
all such breast cancer cells are so responsive. Similarly, some diseases or conditions caused
by or associated with elevated levels of cortisol exhibit variable treatment efficacy by
administration of one or more GRAs. In some cases, identification of a clinical or
biochemical response to the GRA can indicate that the GRA treatiment should be continued.
In some cases, a lack of a clinical or biochemical response can indicate that a different
treatment {e. 2., administration of a different GRA or administration of the same GRA at a
higher dose) is indicated. Such respounsiveness can vary from subject to subject, cell to cell,
tissue to tissue, or during the course of a subject’s disease progression. Thus there is aneed
for alternative methods for assessing a clinical or bochemical response to a GRA in a human

subject.

{06401 Accordingly, described herein are methods of detecting or assessing a clinical or a
biochemical response to administration of a glucocorticoid receptor antagonist {{GRA) for
treatment of a disease or condition. The methods for detecting or assessing a chinical or
biochemucal response to a GRA described herein involve detection of: (i) the activity or
amount of FKBP3 protein; or (i) the expression level of a gene encoding the FKBP3 protein
{e.g., the absolute or relative amount of FKBPS mRNA), in one or more provided samples

from a human subject.

-
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[0841] In some cases, the methods described herein invelve detection of, or detection of a
change in,: (i} the activity or amount of FKBP3 protein; or (it) the expression level of a gene
encoding the FKBPS protein (e.g., the absolute or relative amount of FKBPS mRNA), ina
subject. Such a change can be detected by determining the activity or amount of FKBP3
protein, or the expression level of a gene encoding FKBP3, in a first sample from a subject
and comparing the results to the results from a second sample from the subject. The first
sample can be provided or obtained from the subject prior to one or more steps of
admimstering a GRA, and the second sample can be provided or obtained from the subject

after one or more steps of administering a GRA.

b. Cushing’s syndrome
[80427 Also described herein are methods of diagnosing Cushing’s syndrome. Cushing's
syndrome is a condition caused by the excessive production of the glucocorticoid cortisol by
the adrenal cortex. The condition is often due to the presence of a tumor or hyperplasia that
exhibits unregulated secretion of adrenocorticotropic hormone (ACTH). The unregulated
sceretion of ACTH in turn induces the adrenal glands to secrete excess cortisol. Cortisol
generally participates 1n a negative feedback loop, in which high levels of cortisol suppress
secretion of both ACTH and cortisol. However, in Cushing’s syndrome, this negative

regulation is not effective or absent, resulting in chronic hypercortisolemia.

[6843] Cushing’s syndrome can be diagnosed in a variety of ways. One method of
diagnosis is known as the dexamethasone suppression test (DST). In this test, the
glucocorticoid receptor agonist dexamethasone is administered to a patient and cortisol levels
are measured after administration. The agonist can be administered in a low dose {e.g., 1-2
mg) to measure effects of a fow dose on cortisol levels. In some cases, a high dose is also
administered (e.g.. 8 mg) to measure the cffects of a high dose on cortisol levels. Moreover,
ACTH levels can be determined prior to admunistration of dexamethasone for additional
mnformation. The presence of a low ACTH level and a cortisol level that is not suppressed by
high or low dose dexamethasone indicates primary hypercortisolemia caused by, e.g., cortisol
secreting adenoma tumors in the adrenal cortex. This type of Cushing’s syndrome is not

typically subject 1o ACTH or cortisol regulation.

[0044] The cortisol cut off for the DST has been a moving target. Currently the endocrine
society recommends a cut off of 1.8 pg/dl and, the AACE guwidelines recently decreased the

cut off to 3 pe/dl (previously it was higher at 5 pg/dl). Endocrine societies in other countries

14



10

20

25

30

CA 02984623 2017-10~31

WO 2016/187347 PCT/US2016/033143

use different cut offs. Thus, there is no general consensus of the most appropriate cut off to
use. Moreover, the DST has high sensitivity but low specificity, therefore current guidelines
for the diagnosis of Cushing’s syndrome (C8) require at least 2 confirmatory tests {e.g., a

DST and confirmation by an alternative diagnostic method).

[6045] In addition, the false positive rate of the | mg DST is high in certain populations
{severe insulin resistance, fatty liver disease, PCOS efc., see “The Diagnosis of Cushing’s
Syndrome: An Endocrine Society Clinical Practice Guideline (2008), published as J. Clin.
Endocrin, & Metab., May 2008, 93(5):1526-40.). Also medications that affect the metabolism
of dexamethasone can mfluence the test (sce guidehines from the Endocnine Society). Another
important limitation for the 1 mg DST is the fact that 10-15 % of confirmed Cushing’s
disease (CD) cases drop below the 2 pg/dl cut off with the 1 mg DST (Findling er 2/, J. Clin.
Endocrinol. Mct., 2004, 89:1222-1226) and thus would not be diagnosed by this test.
Moreover, there 1s no consensus about the best diagnostic criterion for milder forms of
Cushing’s, especially adrenal Cushing’s (see Endocrine Society guidelines, under adrenal

incidentalomas).

[0046] An alternative to the dexamethasone suppression test {DST) is the 24 hours urine
free cortisol (UFC) test. However, the UFC test has very low sensitivity in mild forms of CS.
In addition the gquality of the current assays is poor (see Raffer al. J. Clin. Endocrinol. Met.,
2015, 100:395-397). It is a useful test for overt cases of C8, but there are often false negative
results even in full blown cases, which can complicate the diagnostic process and delay the
diagnosis. In addition, in cases of cyclical C8 the diagnosis of CS can be missed if the test is

done when the tumor is less active.

[0047] Another alternative to the DST is based on mudnight sahivary cortisol levels. This
test also 1s less sensitive in milder forms of CS. It can be useful to diagnose carly relapse of
D after transsphenoidal surgery. However, it has a lot of false positives and false negatives.
It depends on whether the patient is able to perform the test properly, and mappropnate

sample collection is frequently a confounding factor.

[0048] It is also possible to distinguish between Cushing’s disease and Cushing’s syndrome
by administration of desmopressin or CRH. CRH can be useful in the differential diagnosts
of Cushing’s syndrome, because most patients with Cushing’s disease respond to CRH, while
those with other types of Cushing’s syndrome gencrally do not. Although these tests, and m

particular the dexamethasone suppression test, are widely used to diagnose Cushing
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syndrome and/or distinguish between Cushing’s disease and other types of Cushing’s
syndrome, they are not definitive, and can yield an undesirable number of false positives and

false negatives.

[6042] Accordingly, the present inventors bave developed an improved method for
diagnosing Cushing’s syndrome. The method can include detecting: (i) the activity or
amount of FKBPS protein; or (i1) the expression level of a gene encoding the FKBPS protein,

in one or more samples from a human subject.

II. Methods
a. Assessing a clinical or a biochemical response to a GRA or to a medical or
surgical therapy for treatment of bypercortisolemia
[0056] Described herein is a method for assessing a clinical or a biochemical response to a
glucocorticoid recepior antagonist {(GRA) in a human subject. The method can be useful,
e.g., for confirming the efficacy of a treatment modality, monitoring treatment outcomes, or
gwding treatment decisions. For example, if a patient presents with a disease or condition
known 1o be, or suspecied of being, treatable with a GRA, then a GRA can be administered,
and the clinical response to the GRA can be assessed using one or more of the methods
described herein. In some cases, a positive indication of a clinical or biochemical response,
or an indication of a strong clinical or biochenuical response, to the GRA can then predict a
positive clinical outcome, an increased likelihood of a positive clinical outcome, or suggest
continuation of GRA administration. In some cases, a negative indication of a clinical or
biochemuical response, or a lack of a strong clinical or biochemical response, can predict a
negative clinical outcome, an increased likehhood of a negative clinical outcome, or suggest
administration of an increased dose of the GRA or administration of an alterpative GRA. In
some cases, a negative mdication of a climical response or a biochemical response, or a lack
of a strong clinmical or brochemical response, can suggest a need for additional or altemative

treatments.

[66Si] The method for assessing a clinical or biochemical response to a glucocorticoid
receptor antagonist (GRA) in a human subject can include: a) measuring a first amount, or
activity of FKBP3 protein or a first expression level of a gene encoding FKBPS protein in a
first sample from the subject, wherein 1) the first sample comprises primary cells; and i) the
tirst sample ig obtained before administering the GRA to the subject; b) optionally

administering the GRA 1o the subject; ¢) measuring a second amount or activity of FKBPS
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protein or a second expression level of a gene encoding FKBPS protein in a second sample
from the subject, wherein: 1} the second sample comprises primary cells; and ii) the second
sample is obtained after administering the GRA to the subject; and d) comparing the first and
second amounts, activities, or expression levels, wherein a reduction in the amount or activity
of FE.BP3 protemn or a reduction in the expression level of the gene encoding FRBPS protemn

in the second sample indicates the response to the GRA.

[6652] In some cases, the subject has received one or more doses of a GRA prior to the
obtaining of a first sample. For example, the subject may be undergoing GRA therapy, or
may have previously undergone GRA therapy. Thus, in some cases, the pre-GRA
administration sample may be obtamned a suitable period of time after a GRA administration
to allow for measurement of bascline FKBPS levels that are unaffected by the presence of a
GRA. Thus, in some cases, the first sample, which is obtained prior to administering the
GRA to the subject, is obtained at least 4, 5, 6,7, 8, 9, 10, 12, 16, 18, or 24 hours afier a
previous GRA administration, oratleast 1,2, 3,4,3,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19,20, 21, 22, 23, 24, 28, 26, 27, 28, 29, 30, or 31 days after a previous GRA
adnunistration. A suitable pedod of time between a previous admimstration of a GRA and
obtaining a first sample can be determined based on the pharmacokinetics of a previously
administered GRA. In some cases, a suitable period of time is a length of time sufficient for
the GRA 1o be completely removed from the subject. In some cases, a suitable period of time
is a length of time sufficient for the GRA to have no or minimal effect on FKBPS levels (e.g.,

amount or activity of FKBPS protein or mRNA levels).

[6053] In some cases, the subject is admimistered multiple doses of a GRA between the
obtaining of the first sample and the obtaining of the second sample. In some cases, the
subject 1s administered, or is admunistered at least 1, 2, 3,4, 5, 6,7, 8.9, 10, 11, 12, 13, 14,
15,16, 17, 18, 19,20, 21, 22, 23, 24, or more doses between the obtaining of the first sample
and the obtaining of the second sample. In some cases, the subject is admunistered a GRA,
and the second sample is obtained after a period of time suitable to allow for downregulation
of FKBP5. For example, the second sample can be obtammed at least 0.5, 1,2, 4, 6, 8, 10, 12,
16, 20, or 24 hours after GRA administration. In other cases, the second sample can be
obtained between doses of a multiple GRA dosage schedule. In yet other cases, the second
sample is obtained tmmediately prior, immediately after, or during one or more GRA
admimstrations. In any case, the second sample is obtained after at least one dose of GRA

has been admunistered to the subject.
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[0854] Also described herein is a method for assessing a clinical or a biochemical response
in a human subject to administering to the subject a medical or surgical therapy for treatment
of hypercortisoleraia. The method can be useful, e.g., for confirming the efficacy of a
treatment modality, monitoring treatment outcomes, or guiding treatment decisions. For
example, if a patient presents with hypercortisolemia, then a medical or surgical therapy can
be administered, and the clinical response to the medical or surgical therapy can be assessed
using one or more of the methods described herein. In some cases, a positive indication of a
clinical or biochemical response, or an indication of a strong clinical or biochemical
response, to the medical or surgical therapy can then predict a positive clinical outcome, an
increased likelihood of a positive clinical outcome., or suggest continuation of the medical or
surgical therapy. In some cases, a negative mdication of a chinical or biochenucal response,
or a lack of a strong clinical or biochemical response, can predict a negative clinical ontcome,
an increased hikelihood of a negative clinical outcome, or suggest administration of an
increased dose or additional doses of a medical therapy, or admunistration of an alternative
medical or surgical therapy. In some cases, a negative indication of a clinical response or a
biochemical response, or a lack of a strong clinical or biochemical response, can suggesta

need for additional or alternative treatments.

[0055] The method for assessing a clinical or biochemical response to a medical or surgical
therapy for hypercortisolemia in a buman subject can mclude: a) measuring a first amount, or
activity of FKBPS protein or a first expression level of a gene encoding FKBPS protein in a
first sample from the subject, wherein i) the first sample comprises primary cells; and ii) the
first sample is obtained before administering the medical or surgical therapy to the subject; b)
optionally administering the medical or surgical therapy to the subject; ¢} measuring a second
amount or activity of FKBPS protein or a sccond expression level of a gene encoding FKBPS
protein in a second sample from the subject, wherein: 1) the second sample comprises primary
cells; and 11) the second sample is obtained after administering the medical or surgical therapy
to the subject; and d) comparing the first and second amounts, activities, or expression levels,
wherein a reduction in the amount or activity of FKBPS protein or a reduction in the
expression level of the gene encoding FKBPS protein in the sccond sample mndicates the

response to the medical or surgical therapy for treatment of hypercortisolemia.

[0056] In some cases, the medical or surgical therapy includes administering an inhibitor of
sterowdogenesis. Exemplary inhibitors of steroidogenesis mclude, but are not limuted to,

aminoglutethimide, cholesterol sulfate, ketoconazole, levoketoconazole, metyrapone,
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LC1699, mitotane, and etomidate. In some cases, the medical or surgical therapy includes
administering an ACTH modulator. Exemplary ACTH modulators tnclude, but are not
fimited to, dopamine agonists, retinoic acid, R-roscovitine, somatostatin, and somatostatin
analogues. Exemplary dopamine agownasts mclude, but are not limited to, bromocnipting, and
cabergoline. Exemplary somatostatin analogues include, but are not limited to, pasireotide,
octreotide, and lanreotide. In some cases, the medical or surgical therapy is or includes GRA
admimstration. In some cases, the medical or surgical therapy is or includes transsphenoidal
surgery, or repeat transsphenoidal surgerv. In some cases, the medical or surgical therapy is
or includes adrenalectomy, unilateral adrenalectomy, or bilateral adrenalectomy. I some
cases, the medical or surgical therapy 1s or includes radiotherapy. In some cases, the medical
or surgical therapy 1s or includes resection of a non-pituitary ACTH-secreting tumor, In
some cases, the medical or surgical therapy is or includes treatment with a peptide receptor
radionuclide therapy (e.g., Y-90 or Lu-177 labeled octreotide). In some cases, the medical or
surgical therapy is or includes a combination of any two or more of the foregoing medical or
surgical therapies. In some cases, the combination is a combination of two or more medical
therapies. In some cases, the combination is a combination of two or more surgical therapies.

In some cases, the combination is a combination of a medical therapy and a surgical therapy.

[0057} In some cases, the subject has recetved one or more doses of a medical therapy for
hypercortiselemia prior to the obtaining of a first sample. For example, the subject may be
undergoing GRA therapy, or may have previously undergone GRA therapy. Thus, in some
cases, the pre-medical therapy administration sample may be obtained a suitable period of
time afier a medical therapy administration o allow for measurement of bascline FKBPS
levels that are unaffected by the presence of the medical therapy. Thus, in some cases, the
first sample, which is obtained prior to administering the medical therapy to the subject, is
obtained at least 4, 5,6, 7, 8, 9, 10, 12, 16, 18, or 24 hours after a previous medical therapy
adminstration, or at least 1, 2,3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23,24,25,26,27,28,29, 30, or 31 days after a previous medical therapy administration.
A suitable period of time between a previous administration of a medical therapy and
obtaining a first sample can be determined based on the pharmacokinetics of a previously
administered medical therapy. In some cases, a suitable period of ime 1s a length of time
sufficient for the medical therapy to be completely removed from the subject. In some cases,
a suitable period of time is a length of time sufficient for the medical therapy to have no or

munimal effect on FKBPS levels {e.g.,

»

amount or activity of FIKBPS protein or mRNA levels).
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[0658] In some cases, the subject is administered multiple doses of a medical therapy
between the obtaining of the first sample and the obtaining of the second sample. In some
cascs, the subject is administered, or is admunistered atleast 1,2, 3,4, 5,6, 7,8, 9, 10, 11, 12,
13,14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or more doses between the obtaining of the first
sample and the obtaming of the second sample. In some cases, the subject 1s administered a
medical therapy, and the second sample is obtained after a period of time suitable to allow for
downregulation of FKBP3 expression, amount, or activity. For example, the second sample
can be obtamned atleast 0.5, 1, 2, 4, 6, 8, 10, 12, 16, 20, or 24 hours after administration of the
medical therapy. In other cases, the second sample can be obtained between doses of a
multiple dosage schedule. In vet other cascs, the second sample is obtained omediately
prior, immediately after, or during one or more admunistrations of a medical therapy. In any
case, the second sample is obtained after at least one dose of a medical therapy has been

administered to the subject.

i. Sampie extraction, preparation, and analysis
10059} The sample can be obtained by any means known in the art. For example, the
sample can be obtained by collecting a blood sample {e.g., a sample of whole blood ora
fraction thereof). Alternatively, the sample can be obtained by scraping epithelial cells (e g,
nasal epithelial cells) of a subject. Samples include, but are not limited to samples of human
cells and tissues, such as blood samples, cercbrospinal fluid samples, synovial tissue samples,

svnovial flnd samples, brain tissue samples, blood vessel samples, or tumor samples.

[0066] Samples encompass samples of healthy or pathological cells, tissues or stiuctures.
In some cases, the sample can be provided by obtaining cells of a tissue or organ affected by
a discase or condition mediated by GR activity or signaling. For example, in human subjects
suffering from a type of cancer that can be treated with a GRA {e.g., a GRA i combination
with a chemotherapeutic), a sample containing primary tumor cells can be obtained and
assayed as described herein. Such cancers include, but are not limited to, breast cancer, triple
negative breast cancer, prostate cancer, metastatic prostate cancer, androgen resistant prostate
cancer, and ovarian cancer. In some cases, the sample can be provided by obtaming cells of a
subject suffering from hypercortisolemia. In some cases, the sample can be provided by
obtaining cells of a tigsue or organ affected by hypercortisoclemia. In some cases, the sample
can be provided by obtaining cells of a subject suffering from or suspected of being suffering
from Cushmg’s syndrome. In some cases, the sample can be provided by obtaining cells of a

tissue or organ affected by, or suspected of being affected by, Cushing’s syndrome.
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[0861] The sample can be extracted to obtain FKBPS protein, or FKBPS nucleic acid. For
example, cells can be lysed, and the protein fraction obtained. In some cases, the lysate is
further fractionated to punify a specified cellular compartment. For example, the cell lysate
can be fractionated to obtain a cytosolic protein fraction. As another example, the cell lvsate
can be fractionated to obtain a nuclear or nucleolar protein fraction. The protein fraction can
be assayed for FKBPS protein levels or activity. Alternatively, the cells can be lysed, and a
nucleic acid (e.g., mRNA) fraction obtained. The nucleic acid fraction can be assaved for
expression of the gene encoding FKBPS. For example, the expression can be assayed by
guantitative amplification {(e.g., gPCR), or reverse transcription and subsequent quantitative

amplification (e.g., RT-gPCR).

[80627 The cell lysate, or protein fraction thereof, can be purified using a varicty of
methods to obtain a fraction enriched for FKBPS protein, or a portion thercof. For example,
celis can be lysed and contacted with a chromatography medium under conditions suitable to
preferentially bind contaminants or target protein. Where contaminants are preferentially
bound, target protein can be collected as a flow through fraction and assaved further. Where
target protein is bound, the chromatography medium can be washed and the target protein

eluted.

(08631  As another example, cells can be lysed and contacted with a capture reagent (e.2., a
capture antibody or aptamer) that specifically binds to the FKBPS protein, or a portion
thereof. The capture reagent can be immobilized on a solid support. In some cases, the
FKBPS protein or portion thereof can be chiied from the capture reagent and then detected or
quantified. In other cases, the FKBPS protein or portion thereof can be detected or quantified

as a capture reagent-bound form.

[0064]  Similarly, the cell lysate, or nucleic acid fraction thereof can be purified using a
variety of methods to obtain a fraction ennched for a transcript of a gene encoding FKBPS.
For example, cells can be lysed and nucleic acids can be precipitated or otherwise purified
from the lysate. In some cases, the nucleic acids can be purified by contacting the sample, or
a fraction thereof, with a surface immobilized oligodT moiety to preferentially bind
polvadenylated mRNA.

(38657 Nucleic acids can be subject to amplification, hybridization, polymerization, reverse
transcription, or a combination thercof. In some cases, the amplification, hybridization,

polymerization, or reverse transcription is target specific such that the gene encoding FKBPS,
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a transcript thereof, or a portion thereof is specifically amphified, hybridized, or reverse
transcribed. In some cases, the amplification, hybridization, polymerization, or reverse
transcripiion is not target specific such that the saraple is subject to whole genome or whole
transcnptome hybridization, polymerization, or reverse transcription. Whole genome or
other non-specific hvbridization, polvimerization, or reverse transcription can be performed
with the use of one or more degenerate primers or probes. After non-specific hybridization,
polymerization, or reverse transcription, the gene encoding FKBP35 can be detected and/or

quantified.

[6066] The amount or activity of FEBPS polypeptide, or a portion thereof, can be
measured by a variety of methods known in the art. For example, an ELISA {e.g., sandwich
ELISA) can be used to measure polypeptide levels in a sample, or a protein extract thereof,
using one or more antibodies specific for the FKBPS protein, or a portion thercof. In some
cases, the ELISA is a sandwich ELISA, in which FKBP3 polypeptide, or a portion thercof, is
immobilized by binding to an rmmobilized capture reagent (e. g., capture antibody or
aptamer), and the immobilized polypeptide or portion thereof is detected with a detection

reagent (e.g., detection antibody or aptamer).

[0067] As another exanple, activity of the FKBPS polypeptide, or a portion thereof, can be
measured by contacting the samiple, or a protein extract thereof, with a proline containing
peptide substrate to measore the FKBP5-mediated cis-trans prolyl isomerase activity of the
sample. In some cases, the isomerization of the substrate can be measured using an cis-trans
proline isomer sensitive enzyme, such as a protease. For examiple chvmotrypsin, which has a
high substrate specificity and catalytic efficiency (ke/Km) against peptide substrates having
a trans-proline at the P2 position and phenyvlalanine or tyrosine at the P1 position, but very
Little or no specificity or catalytic efficiency against such peptides containing a cis-proline at
P2, can be vsed to measure prolyl isomerase activity. For instance, an N-succinyl-Ala-Leu-
cis-Pro-Phe-p-nitroantlide substrate can be used in combination with chyvmotrypsin, which
preferably cleaves the trans prolyl isomer of the substrate 1o assay a sample or extract thereof
for FKBPS prolyl isomerase activity, The production of the trans isomer of the substrate by
isomerase activity of the FKBPS or portion thereof can be measured by detecting the
digestion of the nitroanilide substrate by the chymotrypsin as described, e.g.. in Fischer er o/,
WNature., 1989 Feb 2,337(6206):476-8,

J
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[0868] As another example, activity of the FKBP3 polypeptide, or a portion thereof, can be
detected or quantified by measuring the amount of FKBPS protein bound to glucocorticoid
receptor {GR) in the sample. This can be performed, e.g., by purifying GR or FKBPS protein
under conditions suitable to preserve binding between GR and FKBP3 protein. The
purification product can then be assayed for the presence, absence, or quantity of the cognate
binding partner. For example, cytosolic GR can be purified and the presence of FKBPS
protein detected n the purification product. As another example, FKBPS protein can be
purified and the presence of GR can be detected 1n the purification product. In some cases,
this can be performed using a sandwich ELISA-type assay in which the inunobilized capture
reagent recognizes onc member of the GRIFKBPS protein complex and the detection reagent

recognizes the other member of the GR:FKBPS protein complex.

[0069] As another example, expression of a gene encoding FKBPS can be measured by
reverse transeription of FKBP3 mRNA, or a portion thereof, and guantitative amphification of
the reverse transcription product or a portion thereof. The quastitative amplification can be
pertormed using PCR (e.g., real time PCR) or other amplification techniques known 1n the
art. The amplification can be detected by, e.g., detecting incorporation of an intercalating dye
info the amplification product, degradation of a quenched fluorescence hydrolysis probe, or

binding of quenched molecular beacon.

[68670] Asny measured amount or activity or expression level in a sample can be normalized
to a reference. For example, an expression level can be normalized to the amount of total
mENA, or the expression level of a reference gene. Suitable reference genes include, but are
not limited to, GAPDH, hypoxanthine phosphoribosyltransferase 1 (HRPT1), nbosomal
protein large P, or another housekeeping gene. As another example, FXBPS protein amount
can be normalized to total protein levels, or the level of a reference gene product. Suitable
reference gene products include, but are not hnuted to, actin, tubulin, COX IV, HRPT1,

GAPDH, or another housekeeping gene product.

ii. Comparing FKBPS amount activity or expression
[6071] Insome embodiments, the amount or activity of FKBP3 or the expression level of a
gene cncoding FKBPS protein after administration of a GRA is quantified from a sample
obtained afier administration of one or more doses of the GRA and compared to a control or
threshold valoe rather than a pre~-GRA administration value. In some cases, the control or

threshold value is a positive control or threshold value that indicates a biochemical or clinical

o
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response, of a strong biochemical or clinical response 1o the GRA in the tissue, organ, or cell-
type subject to the assay. Thus in such cases, a quantified amount, activity, or expression
fevel that is near, equal to, or below the positive control or threshold value can indicate a
biochemical or chnical response or a strong biochemucal or clinical response to the GRA. In
contrast, a quantified amount, activity, or expression level that is above, or significantly
above, the positive control or threshold value can indicate a lack of a biochemical or clinical

response, or a lack of a strong biochemical or clinical responsc to the GRA.

[6072] In some cases, the quantified amount, activity, expression that indicates a
biochemucal or clinical response to the GRA 1s equal to about, or less than about, 25%, 30%,
40%, 50%, 75%, 100%, 110%, 125%, or 150% of the positive control or threshold value. In
some cases, the quantified amount, activity, or expression that indicates a lack of a
biochemical or clinical response to the GRA is equal to about or above about a 2-fold, 2.5-
fold, 3-fold, 4-fold, 3-fold, 7.5-fold, 10-fold, 12-fold, 15-fold, 20-fold, 25-fold, 30-fold, 40-

fold, or 50-fold multiple of the positive control or threshold value.

[60731 In some cases, the control or threshold value 1s a negative control or threshold value
that indicates a lack of a response {e.g., biochemical or clinical} to a GRA or a value that is
typically obtained without, or prior to, administration of a GRA. Thus in such cases, a
gquantified amount, activity, or expression level that 1s below the negative control or threshold
value {e.g., significantly below) can indicate a clinical or biochemical response or a strong
clinical or biochemical response to the GRA. In contrast, a quantified amount, activity, or
expression level that is near, equal to, or above the negative control or threshold value can
indicate a lack of a chinical response, a lack of biochemical response, a lack of a strong
clinical response, or a lack of a strong biochemical response to the GRA. In some cases, the
quantified amount, activity, or expression that indicates a clinical response to the GRA ora
biochemical response to the GRA is equal to about or less than about 0.25%, 0.5%, 1%, 5%,
7.5%, 10%, 12.5%, 15%, 17.5%, 20%, 25%, 30%, 40%, or 50% of the negative control or
threshold value. In some cases, the quantified amount, activity, or expression that indicates a
lack of a clinical response or a lack of a biochemical response to the GRA s at least about
75%, 100%, 110%, 125%, 1509, 200%, 300%, or 400% of the negative control or threshold

value.

(36741 In some embodiments, the amount or activity of FKBPS protein or the expression

level of a gene encoding FKBPS after administration of a GRA is quantified from a sample



|1

10

20

25

CA 02984623 2017-10~31

WO 2016/187347 PCT/US2016/033143

obtained after administration of one or more doses of the GRA and compared to a value
quantified from a sample obtained prior to administration of one or more doses of the GRA.
A quantified post-administration amount activity or expression level that is below the pre-
administration value can indicate a clinical response, a biochemical response, a strong clinical
response, or a strong biochemical response to the GRA. In contrast, a quantified post-
administration amount activity or expression level that is near or equal to the pre-
admimstration value can indicate a lack of a clinical response, a lack of a biochemucal
response, a lack of a strong biochemical response, or a lack of a strong clinical response to
the GRA. In some cases, when the post-GRA administration value is greater than the pre-
GRA administration value, progression of the discasc or condition in the human subject is
indicated. In some cases, when the post-GRA admunistration value 15 less than the pre-GRA
administration value, improvement of the disease or condition in the human subject is

indicated.

{36757 The provided pre-GRA administration sample can be taken at any time prior to
adnunistration of a GRA, including but not limited to, immediately betore GRA
adnunistration; at least about 1, 2, 3, 4, 6, 7, 8, 10, 15, 20, 25, 30, 45, 50, 60, 80, or 90
minutes before GRA administration; at least about 2, 3, 4, 5,6, 7, 8, 10, 12, 14, 16, 18, 20, or
22 hours before GRA administration; at least about 1, 2, 3, 4, 5, or 6 days before GRA
administration; or at least about 1, 1.5, 2, 3, or 4 wecks before GRA administration. In some
cases, the provided pre-adnunistration sample is obtained from about O to about 12, from
about 0 to 6 hours, from about 0 to about 4 hours, from about 1 to 4 hours, or from about 2 to

6 hours prior to admuinistration of the GRA.

[6876] The provided post-GRA admuinistration sample can be taken after a time suitable to
allow the activity of the GRA to manifest in a change {e.g., a detectable change) in FKBPS
amount or activity, or a change in expression of a gene encoding FKBPS. In some cases, the
time i3 selected to achieve a maximum possible response {e.g., clinical or biochemical
response} to GRA administration. In some cases, the delay between administration of the
GRA and obtaining of the post~-GRA administration sample 1s at least about 1, 2, 3,4, 5, 6, 7,
8,9,10, 11,12, 13, 15,20, 25, 30, 40, or 50 minutes; 1, 2,3, 4, 5,6,7,8, 10, 12, 14, 15, 16,

18,20, 0r22 hours; 1,2, 3,4, 5, or 6 days; or 1, 2, 3, or 4 weekas.

{38777 The provided post-GRA administration sample can be taken after multiple

administrations of one or more GRAs. For example, one or more GRAs can be administered
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to a human subject in need thereof for a period of days (e.g., 1, 2, 3, 4, 5, or 6 days) or weeks
(e.g., 1,2, 3, 4 or 5 weeks) and then a post-administration sample obtained and analyzed for
FXBP35 protein amount or activity or FKBPS5 gene expression to assess a clinical response to

the GRA orto assess a biochemical response to the GRA.

[6078] In some cases, the gquantified post-GRA administration amount, activity, or
expression that indicates a clinical or biochemical response to the GRA is less than about,
300%, 250%, 2009%, 150%, 100%, 75%, 50%, 40%, 30%, 25%, 20%, 15%, 10%, 7.5%, 5%,
2.5%, 2%, 1.5%, or 1% of the pre-GRA administration value. In some cases, the quantified
post-GRA admunistration amount activity or expression that indicates a lack of a clinical or
biochemical response to the GRA 1s equal to about or above about 75%, 80%, §5%, 90%,
100%, 110%, 120%, 1253%, 150%, or 200% of the pre-GRA administration value.

{06791 In some cases, the human subject can have cancer, and methods described herein
can be employed to assess or predict the effect of GRA therapy on the cancer cells of the
subject. In some cases, cancer cells are obtained from a subject and assayed for FKBPS
amount or activity or the expression level of a gene encoding FKBPS5. In some cases, a high
level of FKBPS relative to a control may suggest that the cells express a high level of GR and
GRA therapy may be indicated. In some cases, a low level of FKBPS relative to a control
may suggest that the cells express a low level of GR and GRA therapy is not indicated. In

goest that the FRBPS feedback

(=2~

some cases, a low level of FKBPS relative to a control may su,
mechanism is inoperative, and thus GRA therapy may be indicated. In some cases, a
reduction in FKBP35 i tumor cells after admintstration of GRA as compared to a pre-

administration value can suggest that GRA therapy is indicated.

[00808] Swmilarly, FKBPS amount, activity, or expression level can be assessed in
combination with GR amount, activity, or expression level. In some cases, low GR amount,
activity, or expression level and low FKBPS5 amount, activity, or expression level can predict
that GRA therapy is not beneficial for this cancer type, cell, or tumor. In some cases, high
GR amount, activity, or expression level and high FIKBPS amount, activity, or expression
level can indicate that GRA therapy can be beneficial for this cancer type, cell, or tumor. In
some cases, high GR amount, activity, or expression level and low FKBPS amount, activity,
or expression level can indicate a defective cortisol counter regulation mechanism and GRA

therapy can be a beneficial treatment.
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[0681] In some cases, FKBPS levels can be detected in tamor cells that have been extracted
from a patient and cultured in virro. For example, a sample containing tumor cells can be
obtained, a portion of the sample assaved for FKBPS5 (protein or expression), and a GRA
adnunistered to a different portion of the sample. The GRA administered sample can be
assaved for FKBP3 protein amount, or activity, or FKBP35 gene expression and compared to

the pre-aduuanistration value.

[6082] In some cases, FKBPS levels can be determuned after transsphenoidal surgery to
detect relapse or remussion of Cushing’s syndrome. For example, FKBPS can be measured in
samples obtaned before and after trangsphenoidal surgery. Additionally or altemnatively,
FKBPS3 can be detected m samples obtained at several time points after transsphenoidal
surgery. For example, FKBPS can be detected in one or more samples obtained within 1, 2,
3.4,5,6,7, 8,9, 10, 11, 12, 13,14, 15, 16, 17, 18, 19, or 20 days after transsphenoidal
surgery. In some cases, a low level of FKBPS relative to a control can indicate that the
subject is exhibiting remission of Cushing’s syndrome or is not gxhibiting early relapse of
Cushing’s syndrome. In some cases, a decrease in FKBPS as compared to the value detected
in a sample obtained prior to transsphenoidal surgery indicates that the subject is exhibiting
remission of Cushing’s syndrome or is not exhibiting early relapse of Cushing’s syndrome.
In some cases, a stable or decreasing value of FKBPS in samples taken at multiple time
points after transsphenoidal surgery mdicates that the subject is exhibiting remission of

Cushing’s syndrome or is not exhibiting early relapse of Cushing’s syndrome.

[0083] In some embodiments, 1n the absence of a detected reduction in the amount or
activity of FKBPS protein or expression of the gene encoding FKBPS protein after
administration of the GRA and relative to a pre-GRA administration or control value, the
method comprises administering an incrcased amount of GRA to the subject, or
admimstering an altemative GRA to the subject, or a combination thercof. In some
embodiments, in the absence of a detected reduction that is greater than a threshold value in
the amount or activity of FKBPS protein or expression of the gene encoding FKBPS protein
after administration of the GRA and relative to a pre-GRA administration or control value,
the method comprises administering an increased amount of GRA to the subject, or

administering an altemative GRA to the subject, or a combination thercof.

(30841 In some embodiments, the amount or activity of FEKBPS or the expression level of a

gene encoding FKBPS protein after administration of a medical {e.g., GRA) or surgical
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therapy for treatment of hypercortisolemia is guantified from a provided sample obtained
after administration of one or more doses of a medical therapy for treatment of
hypercortisolemia and compared to a control or threshold value rather than a pre-
administration value. In some cases, the control or threshold value is a positive contiol or
threshold value that indicates a biochemical or chinical response, or a strong biochemical or
clinical response to the medical or surgical therapy in the tissug, organ, or cell-type subject to
the assay. Thus in such cases, a quantified amount, activity, or expression level that is near,
equal to, or below the posttive control or threshold value can indicate a biochemical or
clinical response or a strong biochemical or clinical response to the medical or surgical
therapy for treatment of hypercortisolemia. In contrast, a quantified amount, activity, or
expression level that is above, or significantly above, the positive control or threshold value
can indicate a lack of a biochemical or clinical response, or a lack of a strong biochemical or

clinical response to the medical or surgical therapy for treatment of hypercortisolemia.

{30851 In some cases, the quantified amount, activity, expression that indicates a
biochentical or clinical response to the medical or surgical therapy for treatment of
hypercortisolenia is equal to, about, or less than about, 25%, 30%, 40%, 50%, 75%, 100%,
110%, 125%, or 150% of the positive control or threshold value. In some cases, the
quantified amount, activity, or expression that indicates a lack of a biochemical or clinical
response to the medical or surgical therapy for treatment of hvpercortisolemia is equal 1o,
about, or above about a 2-fold, 2.5-fold, 3-fold, 4-fold, S-fold, 7 5-fold, 10-fold, 12-fold, 15~
fold, 20-fold, 25-fold, 30-fold, 40-fold, or 50-fold multiple of the positive control or threshold

value.

[0086] In some cases, the control or threshold value is a negative control or threshold value
that indicates a lack of a response {e.g., biochemical or clinical) to a medical or surgical
therapy for treatment of hypercortisolemia or a value that is typically obtamned without, or
prior to, administration of a medical or surgical therapy for treatment of hypercortisolemia.
Thus in such cases, a quantified amount, activity, or expression level that is below the
negative control or threshold value (e. g., significantly below) can mdicate a clinical or
biochemical response or a strong clinical or biochemical response to the medical or surgical
therapy for treatment of hypercortisolemia. In contrast, a quantified amount, activity, or
expression level that is near, equal to, or above the negative control or threshold value can
mdicate a lack of a chimical response, a lack of biochemical response, a lack of a strong

clinical response, or a lack of a strong biochemical response to the medical or surgical

28
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therapy for treatment of hypercortisolemia. In some cases, the quantified amount, activity, or
expression that indicates a clinical response to the medical or surgical therapy for treatment
of hypercortisolemia or a biochemical response to the medical or surgical therapy for
treatment of hypercortisolemia is equal to, about, or less than about 0.25%, 0.5%, 1%, 5%,
7.5%, 10%, 12.5%, 15%, 17.5%, 20%, 25%, 30%, 40%, or 50% of the negative control or
threshold value. In some cases, the guantified amount, activity, or expression that indicates a
lack of a clinical response or a lack of a biochemical response to the medical or surgical
therapy for treatment of hypercortisolenia is at least about 75%, 100%, 110%, 125%, 150%,

200%, 300%, or 400% of the negative control or threshold vahue.

(0087 In some embodiments, the amount or activity of FKBPS protein or the expression
level of a gene encoding FKBPS after administration of a medical therapy for treatment of
hypercortisolemia is quantified from a sample obtained after administration of one or more
doses of the medical therapy for treatment of hypercortisolenuia and compared 1o a value
guantified from a sample obtained prior to administration of one or more doses of the medical
therapy for treatment of hypercortisolemia. A quantified post-administration amount activity
or expression level that is below the pre-administration value can indicate a clinical response,
a biochemical response, a strong clinical response, or a sirong biochemical response to the
medical therapy for treatment of hypercortisolemia. In contrast, a quantified post-
administration amount activity or expression level that is near or equal to the pre-
administration value can ndicate a lack of a clinical response, a lack of a biochemical
response, a lack of a strong biochemical response, or a lack of a strong clinical response to
the medical therapy for treatment of hypercortisolemia. In some cases, when the post-
administration value is greater than the pre-administration value, progression of the
hypercortisclemia condition in the human subject 1s indicated. In some cases, when the post-
administration value is less than the pre-administration value, inprovement of the

hypercortisoleniia condition in the human subject 1s indicated.

[6088] The pre-administration sample can be taken at any time prior to administration of a
medical or surgical therapy for treatment of hypercortisolemia, including but not limited to,
immediately before therapy admimistration; at leastabout 1, 2, 3, 4, 6, 7, 8, 10, 15, 20, 25, 30,
45, 50, 60, 80, or 90 minutes before therapy admintstration; at leastabout 2, 3. 4, 5,6, 7, 8,
10, 12, 14, 16, 18, 20, or 22 hours before therapy administration; at least about 1, 2, 3, 4, 5, or
6 days before therapy admimstration; or at least about 1, 1.5, 2, 3, or 4 weeks before therapy

administration. In some cases, the pre-administration sample is obtained from about 0 1o
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about 12, from about 0 to 6 hours, from about O to about 4 hours, from about 1 to 4 hours, or

from about 2 to 6 hours prior to administration of the therapy.

[608%] The post-therapy adnunistration sample can be taken after a time suitable to allow
the activity of the therapy to manifest in a change (e. g., a detectable change) in FKBPS
amount or activity, or a change in expression of a gene encoding FKBPS. In some cases, the
time is selected to achieve a maximum possible response {e.g., clinical or biochemical
response) to therapy admmistration. In some cases, the delay between administration of the
therapy and obtaining of the post-therapy administration sample is at least about 1, 2, 3, 4, 5,
6,7.8,9,10, 11,12, 13, 15, 20,25, 30,40, or 30 mnutes; or 1, 2, 3,4.5,6, 7. 8, 10, 12, 14,
15, 16, 18, 20, 22, or 24 hours.

[0096] The post-therapy administration sample can be taken after multiple administrations
of one or more medical or surgical therapies. For example, one or more medical therapics
{e.g., administration of a GRA, ACTH-modulator, inhibitor of steroidogenesis, efc.) can be
administered to a human subject in need thercof foraperiod of days (eg., 1,2, 3,4, 5, 0r 6
days) or weeks (e.g., 1, 2, 3, 4, or 5 weeks) and then a post-admunistration sample obtained
and analyzed for FKBPS protein amount or activity or FKBP3S gene expression to assess a
clinical response to the medical therapy or to assess a biochemical response to the medical
therapy. As another example, one or more surgical therapies {e. g, transsphenoidal surgery,
resection of a non-pituitary ACTH-secreting tumor, efc.} can be administered to a human
subject in need thereof and then repeated, and then a post-administration sample obtained and
analyvzed for FKBPS protein amount or activity or FKBP3S gene expression 1o assess a clinical

response 1o the surgical therapy or to assess a biochemical response to the surgical therapy.

(00911 In some cases, the quantified post-administration amount, activity, or expression
that imndicates a clinical or biochemical response to the therapy is Iess than about, 75%, 50%,
40%, 30%, 25%, 20%, 15%, 10%, 7.5%, 5%, 2.5%, 2%, 1.5%, or 1% of the pre-
administration value. In some cases, the quantified post-administration amount activity or
expression that indicates a lack of a clinical or biochemical response to the therapy is equal
to, about, or above about 80%, 85%, 90%, 100%, 110%, 120%, 125%, 150%, or 200% of the

pre-administeation value.

(36921 In some cases, FKBPS levels can be determined after transsphenoidal surgery to
detect relapse or remission of hypercortisolemia. For cxample, FKBPS can be measured in

samples obtained before and after transaphenoidal surgery. Additionally or aliernatively,

L
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FKBPS can be detected 1in samples obtained at several time points after transsphenoidal
surgery. For example, FKBPS can be detected in one or more samples obtained within 1, 2,
3,4,5,6,7,8,9,10, 11, 12, 13,14, 15, 16, 17, 18, 19, or 20 days after transsphenoidat
surgery. In some cases, a low level of FKBPS relative to a control can indicate that the
subject 1s exhibiting remission of hypercortisolemia or is not exhibiting early relapse of
hypercortisolemia. In some cases, a decrease in FKBPS as compared to the value detected in
a sample obtained prior to transsphenoidal surgery indicates that the subject is exhubiting
remission of hypercortisolemia or is not exhibiting early relapse of hypercortisolenmia. In
some cases, a stable or decreasing value of FKBPS in samples taken at multiple time points
after transsphenoidal surgery mdicates that the subject is exhibiting remission of

hypercortisolemia or 1s not exhibiting early relapse of hypercortisolemia.

[0093] In some embodiments, in the absence of a detected reduction in the amount or
activity of FKBPS3 protein or expression of the gene encoding FKBPS protein afier
administration of the medical or surgical therapy for treatment of hypercortisolemia and
relative to a pre-administration or control value, the method comprises administering an
increased amount of a medical therapy to the subject, administering an alternative medical
therapy to the subject, administering an additional surgical therapy to the subject, or
administering an altemative surgical therapy to the subject, or a combination thercof. In
some enmbodiments, in the absence of a detected reduction in the amount or activity of
FKBPS protein or expression of the gene encoding FKBPS protein after administration of the
medical or surgical therapy for treatment of hypercortisolemia and relative to a pre-
adnunistration or control value, wherein the detected reduction is greater than a threshold
value, the method comprises administering an increased amount of a medical therapy to the
subject, adminmistering an alternative medical therapy to the subject, administering an
additional surgical therapy to the subject, or administering an altemative surgical therapy 1o

the subject, or a combination thercof

iii, Thresheld, Control, and Threshold Difference Values
[6094] FKEBPS amount, expression, or activity can be compared to varnous threshold,
control, or threshold difference values to assess clinical or biochemical response as described
herein. Similarly, a change in FKBPS amount, expression, or activity from pre-
administration (e.g., pre-GRA administration or pre-medical or surgical therapy for treatment
of hvpercortisolemia administration) to post-adnunistration can be compared to various

threshold, control, or threshold difference values to assess a clinical or biochemical response

LI
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to the administered GRA or other therapy as described hergin. In some cases, the threshold,
control, or threshold difference value is selected to provide a sufficient sensitivity or
specificity tor use as a diagnostic. For example, the threshold, control, or threshold
difference value can be selocted to provide at least a 90% sensitivity, at least a 95%
specificity, or the combination thereof. Int some cases, the threshold, control, or threshold
difference value is derived from a cohort of test individuals, wherein the cohort is of

sufficient size to provide the sufficient sensitivity or specificity for use as a diagnostic.

[60958]  In some cases, the cohort size is at least 100 or at least 200 test individuals. For
example, 100 or 200 healthy (e.g., non-Cushing’s, non-hypercortisolemic, or not otherwise in
need of a GRA) test imdividuals can be selected to provide a threshold or control amount,
activity, or expression level of FKBPS. As described herein, a measured FKBPS amount,
activity, or expression level in a human subject that is high as compared to a threshold or
control level derived from a cohort of at least 100 or at least 200 healthy test individuals can
indicate the subject has Cushing’s syndrome. Alternatively, as deseribed herein, a cohort of
such healthy individuals would be expected to exhibit a small difference in FKBPS amownt,
expression, or activity in response to administration of a medical or surgical therapy such as a
GRA. As such, a measured reduction in FKBPS amount, activity, or expression level from
pre-administeation to post-administration that is greater than {e.g., at least 2-fold, 3-fold, 5-
fold, 10~fold, 25-fold, or 50-fold greater than) a threshold difference (e.g., threshold
reduction) value derived from a cohort of at least 100 or at least 200 healthy test individuals
in response to therapy administration can indicate a clinical or biochemical response to the

GRA.

[6096] In some cases, the cohort size is at least 20 or 30 or 30 test individuals. For
cxample, the cohort can comprise or consist of subjects known or suspected of having
Cushing’s syndrome. In some cases, the cohort of test individuals known or suspected of
having Cushing’s syvadrome is an untreaied control cohort. In some cases, the cohort can
comprise or consist of subjects having Cushing’s syndrome and exhibiting a chinical or
biochemical response to an administered GRA or other medical or surgical therapy for
treatment of Cushing’s, e.g., as indicated by a reduction in, or elimination of, one or more
symptoms of Cushing’s. As described herein, a measured FKBPS amount, activity, or
expression level that is similar to (e.g., less than 5%, 10%, 25%, 30%, 50%., 75%, or 100%
above, or at least 95%, 90%, 80%, 70%, 60%., or 50% of) a threshold value derived from a

cohort of 20 or 30 or 50 test individuals known or suspected of having {e. g, untreated)
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Cushing’s syndrome can indicate that the subject has Cushing’s syndrome. In contrast, a
measured FKBP5 amount, activity, or expression level that is lower than {e.g., less than 1%,
5%, 10%, 15%, 20%, 25%, or 50% of) a threshold value dertved from a cohort of 20 or 30 or
50 test individuals known or suspected of having {e.g., untreated} Cushing’s syndrome can

mdicate that the subject does not have Cushing’s syndrome.

[00697]  Alternatively, a measured reduction in FKBPS amount, activity, or expression level
from pre-GRA admunistration to post-GRA administration that is similar to a threshold
difference value derived from a cohort of 20 to 30, 20 to 50, 30 to 30, or at Ieast 20, 30, or 50
individuals known or suspected of having Cushing’s syndrome and exhibiting a clinical or
biochemical response to GRA administration can indicate a clinical or biochemical response
to the GRA. In contrast, if the reduction from pre-GRA administration to post-GRA
administration does not meet the threshold difference value derived from the cohort of 20 to
30, 20 to 50, 30 to 50, or at least 20, 30, or 50 individuals known or suspected of having
Cushing’s syndrome and exhibiting a clinical or biochemical response to GRA

adnministration, a lack of a clinical or biochemical response to the GRA is indicated.

[0098] The threshold, control, or threshold difference value derived from the cohort (e.g., a
cohort of at least 100 or at least 200 healthy mdividuals or a cohort of at least 20 to 30, 20 to
50, 30 to 50, or at least 20, 30, or 30 mdividuals known or suspected of baving Cushing’s
syndrome) can be a contained in a database. In such cases, comparisons to the threshold,
control, or threshold difference value can comprise querying the database. 1n some cases, the
comparison further comprises applying a test of statistical significance. In some cases, the
test of statistical significance includes a comparison of the relative variability of the amount,
activity, or expression level in the cohort to the amount, activity, or expression level in the
human subject. In some cascs, the tost of statistical significance includes a comparison of the
relative variability in a change in FKBPS amount, activity, or expression from pre- to post-
medical or surgical therapy administration or from pre- or post-GRA admimistration in the
cohort to the change in the amount, activity, or expression level of FKBPS in the human
subject. In some cases, the methods include dentifying whether the comparison is
statistically significant in view of the inherent variability of the measurement as indicated by

the observed variability in the cohort.
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iv. GRA administration
16093] A GRA administered to the human subject can be any glacocorticoid receptor
antagonst, including any of the GRAs described herein. Exemplary GRAs mclude, but are
not limited to, mifepristone, or a heteroarvl-ketonc GRA. In somc cases, the GRA
5 adnunistered to the human sabject 1s not mifepristone. In some cases, the GRA is a specific

GRA that preferentially binds to, and antagonizes, the GR rather than other nuclear receptors,
such as mineralocorticoid receptor {(MR), androgen receptor {AR), or progesticrone receptor
{PR). In some cases, the GRA 1s a pan-specific GRA that preferentially binds to, and
antagonizes, the GR and one or two other nuclear receptors selected from the group

10 consisting of MR, AR, and PR. In some cascs, the GRA is a non-specific GRA that binds to
and antagonizes GR, MR, AR, and PR,

{0100} The GRA can be a steroidal GRA, such as a compound containing a modified
cortisol steroid backbone. The two most commonly known classes of structural

modifications of the cortisol steroid backbone to create glucocorticoid antagonists include

—
W

modifications of the 11~ B hydroxy group and modification of the 17- fi side chamn {Sec, ¢. g,
Lefebyre (1989} J. Steroid Biochem. 33: 557-563). Stcrotdal GRAs can also mclude
androgen-type steroid compounds as described in .S, Pat. No. 5,929,058, and the
compounds disclosed in U.S. Pat. Nos, 4,296,200; 4 386,085 4 447 424; 4 477 445,
4.519,946; 4,540,686; 4,547.493; 4.634,695: 4.634.696; 4,753,932; 4.774.236: 4,808.710;
20 4,814,327, 4,829,060, 4,861,763, 4,912,097, 4,921,638 4,943,566; 4,954,490, 4,978.657.
5,006,518, 5,043,332; 5,064,822, 5.073 548; 5,089 _488; 5.089.635; 5,093 507 5,095,010,
5.095,129; 5,132,299 5.166,146; 5.166.199; 5.173.405; 5,276.023; 5,380,839 5,348,729:
3,426,102;5439.913; 5616458, 5,696,127, and 6,303,591, Such steroidal GRAs mclude

cortexolone, dexamethasone-oxetanone, 19-nordeoxycorticosterone, 19-norprogesterone,

N
)]

cortisol-2[-mesylate; dexamethasone-21-mesylate, |1f-(4-dimethvlammoethoxyphenyi)-
1 Fe-propynyvl-178-hydroxy-4,9-cstradien-3-one (RU009), and 178-hydroxy-17i-19-{4-
methyiphenyl)androsta-4,9(11}-dien-3-one (RU044).

[81061] Other examples of steroidal (GRAs are disclosed in Van Kampen e# of. (2002) Eur. 1.
Pharmacol. 457{2-3):207, WO 03/043640, EP 0 683 172 B1, and EP 0 763 341 B1. EP 0 763

30 541 Bl and Hovberg e o/, Int'l 1. of Newro-psychopharmacology, $-Supp. 1. S148 (2002);
disclose the compound (115,178)-11-(1,3-benzodioxol~5-v1}-1 7-hydroxy-1
7-{1-propvnvijestra~4,9-dien-3-one (ORG 3451 7).
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[6162] The GRA can be a non-steroidal GRA. Non-steroidal GRAs do not share structural
homology to, or are not modifications of, cortisol. Such compounds inchude synthetic
mimetics and analogs of proteins, including partially peptidic, pseudopeptidic and non-
peptidic molecular entitics. Non-steroidal GRA compounds also include glucocorticoid
recepior antagonists having a cyclohexyl-pyrimidine backbone, a fused azadecalin backbone,
a heteroaryl ketone fused azadecalin backbone, or an octahvdro fused azadecalin backbone.
Exemplary glucocorticoid receptor antagonists having a cvclohexyl-pynmidine backbone
mnclude those described 1n U.S. Patent No. 8,685,973, Exemplary glhucocorticoid receptor
antagonists having a fused azadecalin backbone include those described n UK. Patent Nos.
7,928,237, and 8,461,172, Exemplary glucocorticoid receptor antagonists having a
heteroaryl ketone fused azadecalin backbone include those described m U.S. 2014/0038926.
Exemplary glucocorticoid receptor antagonists having an octohydro fused azadecalin
backbone include those described in U.S. Provisional Patent Appl. No. 61/908,333, entitled
Octahydro Fused Azadecalin Glucocorticoid Receptor Modulators, Attormey Docket No.
85178-887884 (007800US), filed on November 25, 2013,

[6103] Examples of non-steroidal GRAs mclude the GR antagonist compounds disclosed in
U.S. Pat. Nos. §5,696,127; 6,051,573, and 6,570,020; the GR antagonist compounds disclosed
in US Patent Application 20020077356, the glucocorticoid receptor antagonists disclosed in
Bradley eral., J. Med. Chem. 45, 2417-2424 (2002), e.g., 40(8)-benzyl-2{R)~-chlorocthynyl-
1,2.3,4,40¢.,9,10, 1 0a({R }-octahydro-phenanthrene-2, 7-diol (“CP 3945317} and 4a(S)-benzyl-
2(R)-prop-1-ynyl-1,2.3 4 4¢,9,10, 10a(R)-octahydro-phenanthrene-2,7-diol (“CP 4090697,
and the compounds disclosed in PCT Intemational Application No. WO 96/19458 which
describes non-steroidal compounds which are gh-affinity, highly selective antagonists for

steroid receptors, such as 6-substituted-1,2-dihydro-N-protected-quinolines.

[0104] The GRAgs can be delivered by any suitable means, including oral, parenteral and
topical methods. Transdermal administration methods, by a topical route, can be formulated
as applicator sticks, solutions, suspensions, emulsions, gels, creams, ointments, pastes, jellies,

paints, powders, and acrosols.

[0105] The pharmaccutical preparation is preferably in unit dosage form. In such form the
preparation 1s subdivided into umit doses containing appropnate quantities of a GRA. The
unit dosage form can be a packaged preparation, the package containing discrete quantities of

preparation, such as packeted tablets, capsules, and powders in vials or ampoules. Also, the

G
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unit dosage form can be a capsule, tablet, cachet, or lozenge itself, or it can be the appropriate

number of any of these 11 packaged form.

[6i06] The GRA can be co-administered with other agents. Co-administration includes
admmistering the GRA within 0.3, 1,2, 4, 6. 8, 10, 12, 16, 20, or 24 hours of the other agent.
Co-admunistration also includes admmisterng simultancously, approximately simultancously
{e.g., within about 1, 5, 10, 15, 20, or 30 nunutes of each other), or sequentially in any order,
Moreover, the GRA can each be administered once a day, or two, three, or more times per
day so as to provide the preferred dosage level per dav,

[6i07] In some embodiments, co-administration can be accomplished by co-formulation,
ie., preparing a single pharmaceutical composition including a GRA and anv other agent.
Alternatively, the various components can be fonnulaied separately. Exemplary compounds,
compositions, or active agents that can be co-admunistered with a GRA include, but are not
limited to, another GRA, an agent that inhibits cellular proliferation, an anti~cancer

chemotherapeutice, or an antibody.

[0108] The GRA, and any other agents, cau be present in any suitable amount, and can
depend on various factors inchuding, but not limited to, weight and age of the subject, state of
the disease, etc. Suitable dosage ranges include from about 0.1 mg to about 10,000 mg, or
about | mg to about 1000 mg, or about 10 mg to about 750 mg, or about 25 mg to about 500
mg, or about 30 mg to about 250 mg. Suitablc dosages also include about 1 mg, 3, 10, 20,
30, 40, 30, 60, 70, 80, 90, 100, 200, 300, 400, 300, 600, 700, 800, 900 or 1000 mg. fthe
GRA 1s mifepristone, treatment can be further understood by U.S. Application No.
13/677,465.

[810%] The composition can also contain other compatible therapeutic agents. The
therapeutic agents can be used in combination with one another, with other active agents
known to be useful in antagonizing a glucocorticoid reeeptor, or with adjunctive agents that

may not be effective alone, but may contribute 1o the efficacy of the active agent.

b. Diagnosis of Cushing’s syndrome
{01161  Cushing’s syvndrome can be diagnosed by detecting an amount or activity of FKBPS
protein or an expresston level of a gene encoding FKBP3S and correlating the amount,
activity, or expression Ievel with a prescuce or absence, or likelthood, of Cushing’s

svndrome. The method can include: a) measuring an amount, or activity of FKBPS protein or

36

Date Regue/Date Received 2022-05-06



10

25

30

CA 02984623 2017-10~31

WO 2016/187347 PCT/US2016/033143

an expression level of a gene encoding FKBPS in a sample from the subject; and b)
identifying the subject as likely to be suffering from Cushing’s syndrome when the amount,

activity, or expression level s indicative of Cushing’s syndrome.

[G11%] The sample can be obtained by a variety of means. For example, the sample can be
obtained by collecting a blood sample (e.g., a sample of whole blood or a fraction thereof).
Alternatively, the sample can be obtained by scraping epithelial cells (e.g., nasal epithelial
cells) of a subject. Samples include, but are not limited to samples of human cells and
tissues, such as blood samples, cerebrospinal fluid samples, synovial tissue samples, synovial
fluid samples, braim tissue samples, blood vessel samples, or tumor {(e.g., pituitary adenoma)

samples.

[3112] The sample can be extracted to obtain FKBPI protein, or FKBP3 nucleic acid. For
example, cells can be Iysed, and the protein fraction obtained. In some cases, the fysate is
further fractionated to purify a specified cellular compartment. For example, the ccll lysate
can be fractionated to obtain a cytosolic protein fraction. As another example, the cell lvsate
can be fractionated to obtain a nuclear or nucleolar protein fraction. The protein fraction can
be assaved for FKBPS protein levels or activity. Aliernatively, the cells can be lysed, and a
nucleic acid (e.g., mRNA) fraction obtained. The nucleic acid fraction can be assayed for

expression of the FKBPS gene.

10113] The cell lysate, or protein fraction thercof can be purified using a variety of methods
to obtamn a fraction enriched for FKBP3 protein, or a portion thereof. For example, cells can
be lysed and contacted with a chromatography medivm under conditions suitable to
preferentially bind contaminants or target protein. Where contaminants are preferentially
bound, target protein can be collected as a flow through fraction and assayed further. Where
target protemn is bound, the chromatography medium can be washed and the target protein

cluted.

[6114] As another example, cells can be lysed and contacted with a capture reagent (e.g., a
capture antibody or aptamer) that specifically binds to the FKBPS protein, or a portion
thercof. The capture reagent can be nunobilized on a solid support. In some cases, the
FKBPS proten or portion thereof can be eluted from the capture reagent and then detected or
quantified. In other cases, the FKBPS protein or portion thereof can be detected or quantified

as a capture reagent-bound form.

W
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[6115] Similarly, the cell lysate, or nucleic acid fraction thergof can be purified using a
variety of methods to obtain an fraction enriched for a transcript of a gene encoding FKBPS.
For example, cells can be lysed and mucleic acids can be precipitated or otherwise purified
from the lvsate. In some cases, the nucleic acids can be purified by contacting the sample, or
a fraction thereof, with a surface immobilized oligodT moiety to preferentially bind

polvadenyiated mRNA.

[61i6] Nucleic acids can be subject to amplification, hybnidization, polymerization, reverse
transcription, or a combination thereof. In some cases, the amplification, hybridization,
polymerization, or reverse transcription is target specific such that the gene encoding FKBPS,
a transcript thereof, or a portion thereof 1s specifically amplified, hybridized, or reverse
transcribed. In some cases, the amplification, hybridization, polymerization, or reverse
transcription 1s not target specific such that the sample is subject to whole genome or whole
transcriptome hybridization, polymerization, or reverse transcription. Whole genome or
other non-specific hybridization, polymerization, or reverse transcription can be performed
with the use of one or more degenerate primers or probes. After non-specific hybridization,
polymerization, or reverse transcription, the FKBPS gene expression can be specifically

detected and/or quantified.

(81177  The amount or activity of FKBP3 polypeptide, or a portion thereof, can be
measured by a variety of methods known in the art. For example, an ELISA (e.g., sandwich
ELISA) can be used to measure polypeptide levels in a sample, or a protein extract thereof,
using one or more antibodics specific for the FKBPS protein, or a portion thereof. In some
cases, the ELISA is a sandwich ELISA| in which FKBPS polypeptide, or a portion thercof, is
immobilized by binding to an mnmobilized capture reagent {e. g., capture antibody or
aptamer), and the immobilized polypeptide or portion thereof is detected with a detection

reagent (e.g., detection antibody or aptamer).

[0118] As another example, activity of the FKBPS polvpeptide, or a portion thereof, can be
measured by contacting the sample, or a protein extract thereof, with a proline containing
peptide substrate to measure the FKBPS-mediated cis-trans prolyl isomerase activity of the
sample. In some cases, the isomerization of the substrate can be measured using an cis-trans
proline isomer sensitive enzyme, such as a protease. For example chymotrypsin, which has a
high subsirate specificity and catalytic efficiency (k,/Km} against peptide substrates having

a trans-proline at the P2 position and phenvlalanine or tyrosing at the P1 position, but very

L
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little or no specificity or catalytic efficiency against such peptides containing a cis-proline at
P2, can be used to measure prolyl isomerase activity. For instance, ag N-succinyl-Ala-Leu-
cis-Pro-Phe-p-nitroanilide substrate can be used in combination with chymotrypsin, which
preferably cleaves the trans prolyl isomer of the substrate to assay a sample or extract thereof
for FKBPS prolyl isomerase activity. The production of the trans isomer of the substrate by
isomerase activity of the FKBPS or portion thereof can be measured by detecting the
digestion of the nitroanilide substrate by the chymotrypsin as described, e.g., in Fischer er a/.

Nature. 1989 Feb 2;337(6206):476-8.

[6119] As another example, activity of the FKBPS polypeptide, or a portion thereof, can be
detected or quantified by measuring the amount of FKBP3 protein bound to GR in the
sample. This can be performed, e g., by purifying GR or FKBPS protein under conditions
suitable to preserve binding between GR and FKBPS protein. The purification product can
then be assaved for the presence, absence, or quantity of the cognate binding partner. For
example, cytesolic GR can be purified and the presence of FKBPS protein detected in the
purification product. As another example, FKBPS protein can be purified and the presence of
GR can be detected in the purification product. In some cases, this can be performed using a
sandwich ELISA-type assay in which the immobilized capture reagent recognizes one
member of the GR.FKBPS protein complex and the detection reagent recognizes the other

member of the GR:FKBPS protein complex.

101206} As another example, expression of a gene encoding FKEPS protein can be
measured by reverse transcription of FKBP35 mRNA, or a portion thereof, and quantitative
amplification of the reverse transcription product or a portion thereof. The guantitative
araplification can be performed using PCR (e.g., real time PCR) or other amplification
techniques known in the art. The amplification can be detected by, e. g., detecting
meorporation of an mtercalating dye into the amphification product, degradation of a

quenched fluorescence hydrolysis probe, or binding of quenched molecular beacon.

(8121} Anv measured amount activity or expression level in a sample can be normalized to
areference. For example, expression level can be normalized to total mRNA levels, or the
expression level of a reference gene. Suitable reference genes include, but are not imited 1o,
GAPDH, , hypoxanthine phosphoribosyltransferase 1 (HRPT1), ribosomal protein large P1,
or another housckeeping gene. Ag another example, FKBPS protein amount can be

normalized to total protein levels, or the level of a reference gene product. Suitable reference

o
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gene products include, but are not limited to, actin, tubulin, COX IV, HRPTI, GAPDH, or

another housckeeping gene product.

[6122] The amount or activity of FKBPS protemn or expression level of the gene encoding
FKBP5 can be compared to a control value or threshold to indicate the presence or absence,
or likelihood, of Cushing’s syndrome. In some cascs, the control or threshold is a positive
control, such that when the amount or activity of FKBPS protein or expression level of the
gene encoding FKBPS 1s near, equal to, or higher than the control or threshold value,
Cushing’s syndrome is indicated. In some cases, the control or threshold is a negative
control, such that when the amount or activity of FKBPS5 protem or expression level of the
gene encoding FKBPS is near, equal to, or below the threshold value, the absence of

Cushing’s syndrome is indicated.

EXAMPLES

I. Examplel
(6123} Toun healthy subjects are treated with prednisone on day ~19. On dav ~12, subjects
are treated with prednisone (25 mg) and mifepristone (600 mg). On day 1, subjects are
treated with prednisone (25 mg) and CORT125134 (500 mg}. Blood samples are taken
before each dose and at various time-points after each dose. The study scheme 1s depicted in
FIG. 1. The expression level of the FKBPS gene is measured in the pre-administration
samples obtained before dosing on cach day and in the post-administration samples obtained
at various time points after dosing on each day. Raw expression level data in the samples are
normalized against the expression level of the glyceraldehyde phosphate dehydrogenase
{(GAPDH) gene in cach sample. As illustrated in FIG. 2, the normalized expression level of
the FKBPS5 gene in the whole blood samples after administration of the GR agonist
preduisone is from about 10 to 50 fold above the pre-admimstration level. Administration of
the GRAs mifepristone or CORT125134 causes a significant decrease in the fold change in

FKBPS5 expression.
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illustration and example for purposes of clarity of understanding, one of skill in the art will

appreciate that certain changes and modifications may be pracuiced within the scope of the

appended claims. Where a conflict exists between the instant application and a reference

provided herein, the mstant application shall dominate.
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WHAT IS CLAIMED IS:

1. A method for assessing a biochemical response to a glucocorticoid receptor antagonist
(GRA) Cushing’s syndrome treatment in a sample obtained from a human subject who has
been treated with a GRA for Cushing’s syndrome, the method comprising;:

a) measuring a first amount, or activity of 51 kDa FK506 binding protein
(FKBPS5 protein) or a first expression level of a gene encoding FKBPS5 protein in a first
sample obtained from the subject, wherein:

i) the first sample comprises primary cells; and
i1) the first sample is obtained before use of the GRA to treat the
subject;

b) measuring a second amount or activity of FKBPS5 protein or a second
expression level of a gene encoding FKBPS5 protein in a second sample obtained from the
subject, wherein:

i) the second sample comprises primary cells; and
i1) the second sample is obtained after use of the GRA to treat the
subject; and

¢) comparing the first and second amounts, activities, or expression levels,
wherein a reduction in the amount or activity of FKBPS protein or a reduction in the
expression level of the gene encoding FKBPS protein in the second sample indicates the

biochemical response to the GRA.

2. The method of claim 1, wherein the first sample is obtained prior to
use of multiple doses of GRA to treat the subject, and the second sample is obtained after use

of the multiple doses of GRA to treat the subject.

3. The method of claim 1 or 2, wherein the measuring of a) and/or b)

comprises quantitating an amount of mRNA encoding FKBPS5 protein in the sample.

4. The method of any one of claims 1-3, wherein the measuring of a)

and/or b) comprises quantitating the amount of FKBPS protein in the sample.

5. The method of any one of claims 1-4, wherein the measuring

comprises quantitating the amount of FKBP5 protein activity in the sample.
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6. The method of claim 5, wherein the quantitating the amount of FKBP5
protein activity in the sample comprises measuring FKBP5 protein peptidyl-prolyl-cis-trans

isomerase activity in the sample.

7. The method of claim 5, wherein the quantitating the amount of FKBP5
protein activity in the sample comprises measuring the amount of FKBPS5 protein bound to

glucocorticoid receptor (GR) in the sample.

8. The method of any one of claims 1-7, wherein the GRA comprises
mifepristone.

9. The method of any one of claims 1-7, wherein the GRA is not
mifepristone.

10.  The method of claim 9, wherein the GRA comprises a heteroaryl-
ketone GRA.

11.  The method of any one of claims 1-10, wherein the first or second

samples comprise whole blood, or a fraction thereof.

12. The method of any one of claims 1-10, wherein the first or second

samples comprise nasal epithelial scraping samples.

13, The method of any one of claims 1-12, wherein the patient is

characterized as in need of the glucocorticoid receptor antagonist (GRA).

14.  The method of any one of claims 1-13, wherein the patient has

elevated levels of cortisol.

15.  The method of any one of claims 1-14, wherein the patient has cancer

and the first and second samples comprise tumor cells.

16.  The method of any one of claims 1-14, wherein the first and second

samples comprise whole blood, or a fraction thereof.

17.  The method of any one of claims 1-16, further comprising indicating

use of an increased amount of GRA to treat the subject in the absence of a detected reduction
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in the amount or activity of FKBPS5 protein or a detected reduction in the expression level of

the gene encoding FKBPS5 protein in the second sample.

18. A method for assessing a biochemical response to a medical or surgical
therapy for treatment of hypercortisolemia in a human subject, said response measured in
samples obtained from said human subject, the method comprising:

a) measuring a first amount, or activity of 51 kDa FK506 binding protein
(FKBPS protein) or a first expression level of a gene encoding FKBPS5 protein in a first
sample obtained from the subject, wherein:

1) the first sample comprises primary cells; and
i1) the first sample is obtained before use of the medical or surgical
therapy for treatment of hypercortisolemia;

b) measuring a second amount or activity of FKBP5 protein or a second
expression level of a gene encoding FKBPS5 protein in a second sample from the subject,
wherein:

1) the second sample comprises primary cells; and
i1) the second sample is obtained after the medical or surgical therapy
for treatment of hypercortisolemia; and

d) comparing the first and second amounts, activities, or expression levels,

wherein a reduction in the amount or activity of FKBPS5 protein or a reduction
in the expression level of the gene encoding FKBPS protein in the second sample indicates
the biochemical response to the medical or surgical therapy for treatment of

hypercortisolemia.

19.  The method of claim 18, wherein the medical or surgical therapy for
treatment of hypercortisolemia is selected from the group consisting of: inhibition of
steroidogenesis, use of an ACTH modulator, use of a GRA, transsphenoidal surgery, repeat
transsphenoidal surgery, unilateral adrenalectomy, bilateral adrenalectomy, radiotherapy,
resection of a non-pituitary ACTH-secreting tumor, use of a peptide receptor radionuclide
therapy, and combinations thereof.

20.  The method of claim 19, wherein the inhibition of steroidogenesis
comprises use of ketoconazole, levoketoconazole, metyrapone, LC1699, mitotane,

aminoglutethimide, etomidate, or a combination thercof.
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21. The method of claim 19, wherein the use of an ACTH modulator
comprises use of a dopamine agonist, somatostatin, a somatostatin analog, retinoic acid, R-

roscovitine, or a combination thereof.

22.  The method of claim 21, wherein the dopamine agonist is selected

from the group consisting of bromocriptine and cabergoline.

23.  The method of any one of claims 18-22, further comprising indicating
use of an additional medical or surgical therapy for treatment of hypercortisolemia in an
absence of a detected reduction in the amount or activity of FKBPS5 protein or reduction in

the expression level of the gene encoding FKBPS5 protein in the second sample.
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Prednisone 25mg Prednisone 25mg + Prednisone 25mg +
Mifepristone 600mg CORT125134 500mg
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