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METHODS FOR DIAGNOSING AND ASSESSING TREATMENT FOR
CUSHING'S SYNDROME

CROSS-REFERENCES TO RELATED APPLICATIONS
[3001] This apphication claims priority to U8, Provisional Application No. 62/163,130,
filed on May 18, 2015, the contents of which arc hereby meorporated in the entirety for all

PUFPOSES.

BACKGROUND OF THE INVENTION
36021  Glucocorticoids {GCs) are a class of steroid hormones that bind o and activate the
glucocorticoid receptor {GR), which is present in almost every veriebrate cell. The GR s
pleiotropic and regulates a varicty of vaportant pathways 1 the vertebrate organism, for
example, metabolism, immunity, and development. As such, detection of GR activity or
regulation can be used to diagnose a vanety of different vertebrate diseases, or assess a

clinical or biochemical response to treatments that modulate GR activity.

{36031 For example, detection of GR activity or regulation can be used for detection of
various torms of Cushing’s syndrome. As another example, glucocorticoid receptor
antagonists {GRAS) can be adnunistered to a patient to treat a number of different diseases
and conditions, and detection of a change i GR activity in response to administration of the
GRA can indicate or assess a clinical or biochemical response to the treatment. However,
current methods and comaposttions for assessing GR activity sufter from one or more of the
following msufficiencies: high cost, low sensitivity, low specificity, high false positive rate,
or high false negative rate. Therefore, there remains a need for improved methods and

compositions for detection of GR activity,

BRIEF SUMMARY OF THE INVENTION
[B804] In a first aspect, the present invention provides a method for assessing a clinical or
biochemical response (o a glucocorticoid receptor antagonist (GRA) in a human subject, the

method comprising: a) measuring a first amount, or activity of 51 kDa FK306 binding protein
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(FKBPS protein} or a first expression level of a gene encoding FRBPS protein in a first
sample from the subject, wherein: 1} the first sample compnses primary cells; and 11} the first
sample is 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 FKBPS
protein or a second expression level of a gene encoding FKBPS protein in a second sample
from the subject, wherein: 1} the sccond sample comprises primary cells; and 11} the second
sample 1s or was obtained after adnunistering the GRA to the subject; and d) comparing the
first and second amounts, activities, or expression levels, wherein a reduoction in the amount
or activity of FKBPS protein or a reduction in the expression level of the gene encoding
FKBP3 protein 1n the sccond 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 clintcal response or a lack of biochemical response to the GRA.

[B8051  In asecond 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) measunng
a first amount, or activity of 51 kDa FK306 binding protein (FKBPS protein) or a fust
expression level of a gene encoding FKBPS protein in a first sample from the subject,
wherein: 1} the first sample compnrises primary cells; and 11} the first sample is or was obtamed
before administering the GRA to the subject; b) optionally administering the GRA 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 sceond sample from the subject, wherein: i) the
second sample comprises primary celis; and 11} the second sample i1s or was obtained after
admunistering the GRA to the subject; d) 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 teast 20 or 30 or 50 test
imndividuals; and £} identifying the subject as baving 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 is a threshold reduction value and a
presence of a reduction in FKBP3 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%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,

60%, or 70% of) a threshold reduction value indicates a clinical or biochemical response o

NI
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the GRA. In some cases, the at least 20 or 30 or 50 test individuals are subjects known to
have or suspected of having Cushing’s syndrome. In some cases, the threshold difference
value 1s determuned by subtracting a posti-GRA administration FKBPS amount, activity, or
expression from a pre-GRA administration FKBPS amount, activity, or expression i a cohort
of 20 or 30 or 50 test indhviduals known to have or suspected of having Cushing’s syndrome

that is controlled or well-controlled by GRA administration.

{36061 In some embodiments, the subject is adonunistered a GRA in multiple doses and the
first sample is obtained prior to administering the multiple doses of GRA and the second
sample 1s obtained atier adnministering the multiple doses of GRA o the subject. In some
cmbodiments the measuring of a} and/or ¢} comprises quantitating an amount of mRNA
encoding FKBPS protein in the sample. o some embodiments, the measuring of a} and/or ¢)
comprises quantitating the amount of FKBPS protein in the sample. In some cmbodiments
the measuring comprises guantitating the amount of FKBPS protein activity in the sample. In
some embodiments, the quantifating the amount of FKBPS protem activity in the sample
comprises measuring FKBPS protein peptidvi-prolyi-cis-trans isomerase activity in the
sample. In some embodiments, the quantitating the amount of FKBP3 protein activity m the
sample comprises measuring the amount of FKBPS protein bound to glucocorticowd receptor

{GR} in the sample.

{3607}  In some embodiments, the administering the GRA to the subject comprises
adnunistering mifepristone to the subject. In some embodiments, the administering the GRA
1o the subject comprises administering a GRA that is not mifepristone to the subject. In some
embodiments, the administering the GRA to the subject 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 embodiments, the first or second samples
comprise nasal epithebial scraping samples. In some embodiments, the patient is in need of
adnunistration of the glucocorticoud receptor antagonist (GRA}. In some embodiments, the

patient has clevated levels of cortisol.

[G008] In some cmbodiments, the patient has cancer and the first and sccond samples
comprise tumor cells. 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 embodiments, the method comprises
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administering an increased amount of GRA 1o 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 ot the gene encoding FKBPS protein in the second sample.

[6809]  Inathird aspect, the present invention provides a method for diagnosing Cushing’s
syodrome in a huran subject, the method comprising: a} measuring an amount, or activity of
51 kda FK 506 binding protein (FKEPS protein) or an expression level of a gene encoding
FKBPS protein in a sample obtained or provided from the subject, wherein the sample
comprises primary cells; and b} identifyving the subject as likely to be suftering from
Cushing’s syndrome when the amount, activity or expression level is high relative to 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 mdividuals are subjects that are known to not exdubit
Cushing’s syndrome. In some cases, the test individuals arc subjects that are known to have
normal cortisol levels or are known 1o lack hypercortisolemia. In some cases, the control
comprises a value derived from at least 20 or 30 or 50 test individuals. In some cases, the test
mdividuals 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,
andergoing therapy with a GRA, wherein at least one symptom of the Cushing’s syndrome is

mutigated or climinated by the GRA therapy.

{3610} In a fourth aspect, the present mvention provides a method for assessing a chinical
or biochemical response fo a GRA in a human subject, the method comprising: aj measunng
an amount, or activity of 31 kida FK3506 binding protem (FKBPS protein) or an expression
level of a gene encoding FKBPS protein in a sample from the subject, wherein: 1) the sample
comprises primary cells; and 1) the sample 13 or was obtained after adounistering the GRA o
the subject; d) comparing the amount, activities, or expression level of FKBPS to a control
value denved from a cobort of at feast 100 or at least 200 test individuals; and f} identifving
the subiect as having or not having the climcal 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 normal subjects that are not
otherwige 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 cases, the at least 100 or at least 200 test individuals
do not have clevated levels of cortisol. In some cases, the at Ieast 100 or at least 200 test

individuals do not have, or do not exhibit symptoms of hyvpercortisolemia.
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[6611] In some embodiments, the measuring comprises quantitating an amouont of mRNA
encoding FKBP3 protein in the primary cells of the sample. In some embodiments, the
measuring comprises guantitating the amount of FKBPS protein in the primary cells of the
sample. In some embodiments, the measuring comprises quantitating the amount of FKBP3
protein activity in the primary cells of the sample. In some embodiments, the quantitating the
amount of FKBP3 protein activity in the primary cells of the sample comprises quantitating
FKBPS protem peptidyl-prolyl-cis-trans 1somerase activity in the primary cells of the sample.
In some embodiments, the guantitating the amount of FKBP3 protein activity in the primary
cells of the sample comprises quantitating the amount of FKBPS protein bound to GR in the
primary cells of the sample. In some embodiments, the sample obtained from the subject
comprises whole blood, or a fraction thereot. In some embodiments, the subject has
andergone transsphenoidal surgery before the sample is obtained from the subject. In some
crabodiments, the sample is obtained from the subject less than eleven days afier the subject
is treated with transsphenoidal surgery. In some embodiments, the sample is obtained from
the subject less than two, four, or six weeks after the subiect 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 FKBPS protein is high relative to a control. In some cases, the
administering the treatment for Cashing’s syadrome comprises administering to the subjecta
glucocorticoid receptor antagonist (GRA)

10612}  Ina fifth aspect, the present invention provides a method for assessing a chinigal or
hiochemical response in a buman 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 FK3506 binding protein (FKBPS protein) or a first expression
level of a gene encoding FKBPS protein 1o a first sample from the subject, wherein: 1) the
first sample comprises primary cells; and 11} the first sample 1s or was obtained betore
administering the medical or surgical therapy for treatment of hypercortisolemia to the
subject; b) opticnally administering the medical or surgical therapy for treatment of
hypercortisolemia 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: 1} the second sample comprises primary cells; and 1) the second sample is
or was obtained after adnunistering the medical or surgical therapy for treatment of

hypercortisolenia to the subject; and d) companng the first and second amounts, activities, or

(v ]



(a3

Loy

WO 2016/187347 PCT/US2016/033143

expression levels, wherein a reduction in the amount or activity of FKBPS proteinora
reduction in the expression fevel 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 fevel of the gene encoding FRKBPS protein in
the second sample can indicate that the medical or surgical therapy is successful wn treating

the hypercortisolism.

10613} Inasixth 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
10 treatment of hypercortisclemia, the method comprising: a) measuring a first amount, or
activity of 51 kDa FK306 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 1s or was obtained before admunistering the
GRA to the subject; b) optionally administering the medical or surgical therapy for treatment
15 of hypercortisolemia to the subject; ¢} measuring a second amount or activity of FKBPS
protein o1 a second expression level of a gene encoding FRKBPS protein in a second sample
from the subject, wherein: 1} the second sample comprises primary cells; and 11} the second
sample 1s 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 difference value; ¢}
20 comparing the difference value to a threshold difference value derived from a cohort of at
feast 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 bascd 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 FKBP3 amount or activity between the first
25  and second sample that is greater than, or similar to, a threshold reduction value indicates a
chinical or biochemical response to the GRA. In some cases, the at least 20 or 30 or 30 test

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

[6614] In some embodiments, the medical or surgical therapy for treatment of
hypercortisclemia is selected from the group consisting of: inhibition of steroidogenesis,
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

radionuclide therapy, and combinations thereof. In some embodiments, the inhibition of
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steroidogenesis comprises administration of ketoconazole, levoketoconazole, metyrapone,
LCI699, mitotane, aminoglutethimide, etomidate, or a combination thereof. In some
embodiments, the adonunistration of an ACTH modulator comprises admunistration of a
dopamine agonist, somatostatin, a somatostatin analog, retinoic acid, R-roscovitineg, 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
administering an additional medical or surgical therapy for treatment of hypercortisolemia in
an absence of a detected reduction in the amount or activity of FKBP3 protein or reduction in

the expression level of the genc encoding FKBPS protein 1n the second sample.

{0815} In some embodiments the measuring of a) and/or ¢) comprises quantitating an
amount of mRMNA encoding FKBPS protein in the sample. In some embodiments, the
measuring of a} and/or ¢} compriscs gquantitating 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 protem peptidyl-prolvi-cis-trans
isomerase activity in the sample. In some embodiments, the quantitating the amount of
FKBPS protein activity in the sample comprises measuring the amount of FKBPS protemn

bound to glucocorticoid receptor {GR) in the sample.

60616]  In some embodiments, the GRA admimstration comprises administering
mifepristone to the sebject. In some embodiments, the GRA administration comprises
adnunistering a GRA that is not mufepristone to the subject. In some embodiments, GRA
administration comprises administering a heteroarvl-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 comprisc whole blood, or a fraction thereof. fn some
embodiments, the first or second samples comprise nasal epithehial scraping samples. In
some embodiments, the patient 1s in need of a medical or surgical therapy for treatment of

hypercortisolemia. In some embodiments, the patient has elevated levels of cortisol.

BRIEF DESCRIPTION OF THE DRAWINGS
{68171 FIG. 1: depicts a study scheme for examinmg the expression level of the gene
FKBPS, which encodes the FKBPS protein, in response to admunistration of a GR medulator.

In this scheme, healthy subjects are administered a GR agonist, followed by co-
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admimstration of a GR agonist and a GR antagonist (GRA). Blood samples are obtained
from 10 subjects before cach dose and at various time points after cach dose. FKBP3
expression levels are measured before dosing on each dav, and at sclected times after dosing

on ¢ach day.

[6018] FIG. 2. depicts the fold difference in GAPDH normalized FKBPS expression levels
in samples taken before and afier 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 CORTI25134).

DEFINITIONS
[B819] The abbreviations used herein have their conventional meaning within the chemical
and biglogical arts. As used in this specification and the appended claims, the singular forms

[IPINT]

a," "an," and "the"” inchude phural reference unless the context clearly dictates otherwise.

[0628]  As used herein, “glucocorticoid receptor” {“GR”Y refers to the tvpe IE 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, 20035 35 283-292). The GR is also referved to as the cortisol receptor. The term

mcludes isoforms of GR, recombinant GR and mutated GR.

66211 “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 cortiscl, 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
agomist. By “specific,” the drug preferentially binds to the GR rather than other nuclear
receptors, such as mineralocorticoid receptor (MR), androgen receptor (AR}, or progesterone
recepior (PR}, It 1s preferred that the specific glucocorticoid receptor antagonist bind GR
with an affinity that 1s 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, AR, and
PR. In a more preterred embodiment, the specific glucocorticoid receptor antagonist binds
GR with an affinity that is 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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36227 “Human subject” refers to a haman primate. The homan subject can be a person
having, or suspected of having, Cashing’s syndrome or a disease or condition that can be
treated with a GRA. Simularly, “a patient m need of administration of a glucocorticoid

receptor antagonist (GRA)” 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 limited 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

10 tumors of the pituitary gland, such as pituttary adenomas). For example the subject may have
undergone transsphenoidal surgery to treat Cushing’s discase. In some cases, the human
subject previously treated with transsphenoidal sargery can be a subject that has uvadergone
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 davs, 10 days, Y days, 8 days, 7 davs, 6 days, 5

15 days, 4 days, 3 days, 2 days, or 1 dav ago.

[6623] *Assessing a clinical or biochemical response 1o a glucocorticoid receptor
antagonist (GRA)Y” 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 amehiorating one or more symptoms of a
20 disease or condition. The biochemical response can be an indication that the GRA s at a
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 hikely
to be successful n treating a disease or condition, or successful in mitigating or ameliorating
one or more sympioms of a disease or condition. The discase or condition can be, 2.2,

25 hypercortisolemia or Cushing’s svndrome. The clinical 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 FKBP3 protein,
or the expression level of a gene encoding FKBPS protein, in response to administration of a

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

[6824] “Asscssing a clinical or biochemical response to administering a medical or surgical
therapy for treatment of hypercortisolemia” and the like, refers to defecting or quantitating a
response fo the administered therapy. The clinical response can be an mndication 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
physiclogy 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
hypercortisclemia, or successful i mitigating or amcliorating one or more symptoms of the

hypercortisclemia.

{36257 “Measuning an amount or activity of FKBP3 protein” refers to measuring the
amount of FKBPS proiein or measuring the amount of an activity of the FKBP3 proteinin a
sample. The activity can be cis-frans prolvl isomerase activity, FE506 or rapamycin binding
activity, GR binding activity, or chaperone activity {e. 2., steroid hormone chaperone

activity).

16026] ““Measuring an expression level of a gene encoding FKBPS protein” generally refers
to measurement of the amount of mRNA encoding FKBPS protein in a sample, or measunng
the production of mRNA encoding 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.

{38271 “Primary cells™ reters to cells that have not been immortalized or passaged more
than one time. Primary cells include uman cells that have been taken directly from an
mdividual without any subsequent culturing or division,

(0628} “Sample” refers to a biological sample obtaimed from any tissuc or organ of a
buman subject. The saraple can be any cell or tissue sample from a human subject. Samples
can be subject to various treatment, storage or processing procedures before being analyzed
according to the methods descnbed hercin. Generally, the terms "sample” or "samples” are
not mtended to be himited by their scurce, 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
polvpeptide or portion thereof, a nucleic acid encoding an FKBPS polypeptide or portion
thereof, 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, nuclete acids, amplification products, reverse transcription products, or portions

thereof.

19
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36291  “Whole blood” refers to blood collected from a human subject that i3 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 hike.

{6830 “Control” or “control value™ in the context of amount or activity of FKBPS protein,
expression levels of the FKBPS gene, or a fold-change 1n FKBPS amount, activity, or
expression level, can refer to a level that 1s typically found in a subject onder various clinical
conditions. For example, the control value can be an amount typically found 1n a Cushing’s
patient. As another example, the control value can be an amount typically found i a healthy
{e.g., non-Cashing’s) patient. As ancther example, the control value can be a fold-change
tvpically observed when a patient or cells of a patient are administered a GRA (e.g, ata
tvpical dose), wherein the patient or cells 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 tvpical dose), wherein the patient or cells of the patient that do not exbibita

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

[B631] In some cases, the control value is a normalized control value. The normalized
control value can be normalized against a house keeping gene (e.g., GAPDH) or protem, or
normalized against total protein or RNA {e.g, mRNA} levels as described heremn. 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 Introduction
[6632] The S1-kDa FKS06 binding protein (FKBP51 or FKBPS}) is part of the
mmunophilin famly, a superfamily of highlv conserved proteins first characterized by their
ability to bind to immunosuppressant drugs {Barik, 2006, Baughman er o/, 1993). In
addition to their drug binding capabilities, some FK506 binding immunophilins are also
proteim chaperones, and have the related but apparently separate ability to isomerize proling

residuecs (PPlase activity) {Barik, 2008},
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16633] The FKBPS protein 1s an hsp%0 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 maintains un-liganded
GR in the cvioplasm, thus reducing the atBmity of GR for cortisol and reducing translocation
of GR to the nucleas. Proline cis-trans isomerization is important for proper protein folding,
but deletion of the N-terminal PPlase domain had little effect on the efficacy of the FKBPS
protein as a chaperone. It appears that the binding activity of the FEBPS protein may be

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

[6634] FKBPS gene expression is induced by glucocorticoids (including cortisol) as part of
an intracellular ultrashort neganve 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 clevated FKBPS gene expression (Lee, 2010; Ewald,

2014).

16635  Overexpression of FKBPS in vitro reduces glucocorticoid binding affinity and
nuciear translocation of GR. Naturally occurning over-expression of FKBPS 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 ostecoporosis in
rheumatoid arthntis, and in glucocorticoid mduced osteoporosis has been suggested (Kimura,
2013}, Overexpression of FKBPS in vivo in a vTgdS 10 tan transgenic mouse model resulted
in an increase in the level of phosphorylated tan and was associated with neurcnal loss (Blair,
2013}, In humans, overexpression of FKBPS has been associated with Alzheumer’s disease

(Blair, 2013},

[3036] Polymorphisms of FKBPS have been linked with several discases, including
depression (Binder 2004}, post-fraumatic 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).

(6837} VYang ef ol demonstrated that fasting indoces FKBPS gene expression in the
hypothalamus in mice and rats. Overcxpression of the FKBPS gene in mice on a high fat diet
resulted in persistent elevated body weight and impaired glucose tolerance, suggesung that
elevated FKBPS expression and/or elevated FKBPS3 protein levels or activity promotes an

obese phenotype.
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[3638] A recent study by Pereira ef af (Metabolism, 2014) demonstrates that the FKBPS
gene 1s regulated by dexamethasone in homan subcutaneous and omental adipose tissue.
FKBP3 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 FKBPS region were associated with type 2 diabetes and

diabetes-related traits.

a. Treatment of diseases with a glucocorticoid receptor antagonist (GRA)
10639  The GR s invelved 1n 3 wide variety 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 conditions. 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 discase or condition can be, or can
become, resistant to, or unaffected by, the administration of one or more GRAs. For
example, although certain breast cancer cells {e.g., triple negative breast cancer cells) can be
responsive o GRA treatment {e.g., 1 combination with one or more chemaotherapeutics), not
all such breast cancer cells are so responsive. Simifarly, some diseases or conditions caused
by or assoctated with elevated levels of cortisol exhibit variable treatment efficacy by
admanistration of one or more GRAs. In some cases, identification of a clinical or
biochemical response to the GRA can indicate that the GRA treatment should be continucd.
In some cases, a lack of a climical or biochemical response can indicate that a different
treatment {¢. g, administration of a different GRA or administration of the same GRA ata
higher dose) is indicated. Such responsiveness can vary from subject to subject, cell to cell,
fissue to tissue, or during the course of a subject’s disease progression. Thus there is aneed
for alternative methods for assessing a clinical or biochemical response to a GRA in a human

subject.

[3840] Accordingly, described herein are methods of detecting or assessing a clinical or a
biochemical response to admiustration of a glucocorticoid receptor antagonist (GRA) for
treatment of a disease or condition. The methods for detecting or assessing a clinical or
biochemical response to a GRA described herein involve detection of: (1) the activity or
amount of FKBP3 protein; or (1t} the expression level of a gene encoding the FKBPS protein
{e.g., the absolute or relative amount of FKBP3 mRNA), mn one or more provided samples

from a human subject.
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{36411 In some cases, the methods described herein involve detection of, or detection of a
change m,: {1} the activity or amount of FKBP3 protein; or (it} the expression level of a gene
cncoding the FKBPS protein {(e.g., the absolute or relative amount of FKBPS mENA), ma
subject. Such a change can be detected by determining the activity or amount of FKBPS
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
admimistering a GRA | and the second sample can be provided or obtained from the subject

after onc or more steps of administering a GRA.

b. Cushing’s syndrome
(6842} Also described herein are methods of diagunosing Cushing’s syndrome. Cushing's
syndrome 1s 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
secretion of ACTH 1 tum mduces the adrenal glands to secrete excess cortisol. Cortisol
generally participates m a negative feedback loop, 1 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.

38437 Cushing’s syndrome can be diagnosed in a vaniety of ways. One method of
diagnosis is known as the dexamethasone suppression test (DST). In this test, the
glucocorticoid receptor agonist dexamethasone 1s 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 low dose on cortisol levels. In some cases, a high dose is also
administered {e.g., 8 mg) to measure the offects of a high dose on cortisol levels. Moreover,
ACTH levels can be determined prior to adnmunistration of dexamethasone for additional
mformation. The presence of a low ACTH level and a cortisol level that 1s not suppressed by
high or low dose dexamethasoune indicates primary hypercortisclemia caused by, e.g., cortisol
secreting adenoma tumors in the adrenal cortex. This type of Cushing’s syndrome is not

tvpically subject to ACTH or cortisol reguiation.

[3844] The cortisol cut off tor the DST has been a moving target. Currently the endocrine
society recommends a cut off of 1.8 pg/dl and, the AACE guidelings recently decreased the

cut off to 3 pe/dl (previcusly it was higher at 5 pg/dl}. Endocrine societies in other countries
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use different cot offs. Thus, there is no gencral consensus of the most appropriate cut off to
use. Moreover, the BST has high sensitivity but low specificity, therefore current guidelines
for the diagnosis of Cushing’s syndrome (CS) require at least 2 confirmatory tests {e.g., a

DST and confirmation by an aliernative diagnostic method).

[6045] In addition, the false positive rate of the 1 mg DST is high in cortain populations
{severe insulin resistance, faity liver disease, PCOS efc., see “The Diagnosis of Cushing’s
Syndrome: An Endocrine Society Clinical Practice Guideline (2003}, published as 1. Clin.
Eadocrin, & Metab,, May 2008, 93{5):1526-40.}. Also medications that affect the metabolism
of dexamethasone can influence the test (see guidehnes from the Endocrme Society). Another
mmportant lnnitation for the 1 mg DST is the fact that 10-13 % of confirmed Cushing’s
disease {CD) cases drop below the 2 pg/dl cut off with the 1 mg DST (Findling er o/, J. Chin.
Endocrinol. Met., 2004, 8§9:1222-1226) and thus would not be diagnosed by this test.
Moreover, there 18 no consensus about the best diagnostic criterion for milder forms of
Cushing’s, espectally adrenal Cushing’s (see Endocrine Society guidelines, onder adrenal

incidentalomas).

{6845}  An alternative to the dexamethasone suppression test {DST) is the 24 hours urine
free cortisol (UFCh test. However, the UFC test has very low sensitivity m mild forms of CS.
In addition the quality of the current assays 1s poor {see Raffer o/ J. Clin. Endocrinol. Met,,
2015, 100:395-3973. It 1s a useful test for overt cases of C8, but there are often false negative
results even m full blown cases, which can complicate the diagnostic process and delay the
diagnosis. In addition, m cases of cyclical CS the diagnosis of CS can be missed 1f the test is

done when the tumor 15 less active.

[B8471  Another alternative to the DST is based on midmight salivary cortisol levels. This
test also 1s less sensitive m milder forms of C§. It can be useful to diagnose early relapse of
CD 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.

{6048} 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 ditferential diagnosis
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 in

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 vield an undesirable number of false posttives and

false negatives.

{0849} Accordingly, the present inventors have developed an improved method for
diagnosing Cushing’s syndrome. The method can mclude detecting: (i) the activity or
amount of FIKBPS protein; or {i1) the expression level of a gene encoding the FKBPS protein,

in one or more samples from a human subject.

{fI. Moethods
a. Assessing a clinical or a biochemical response {0 a GRA or to a medical or
surgical therapy for treatment of hypercortisolemia
[B850] Described herein 1s a method for assessing a clinical or a biochemical response to a
glucocorticod receptor 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
guiding treatment decisions. For example, if a patient presents with a disease or condition
known to be, or suspected 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 mdication of a chinical or biochemical response,
or an indication of a strong clinical or biochenmical response, to the GRA can then predict a
positive clinical outcome, an increased likelthood of a positive clinical outcome, or suggest
continuation of GRA admuustration. In some cases, a negative indication of a clinical or
biochemical response, or a jack of a strong clinical or biochemical response, can predict a
negative clinical outcome, an increased likelihood of a negative clinical outcome, or suggest
administration of an increased dose of the GRA or administration of an alternative GRA. In
some cases, a negative imdication of a climical response or a biochemical response, or a lack
of a strong clinical or biochemical response, can suggest a need for additional or alternative

treatments.

{0851} The method for assessing a clinical or biochemical response to a ghicocorticoid
receptor antagonist (GRA) in 3 human subject can nclude: a) measuring a first amount, or
activity of FKBP3 protein or a first expression level of a gene encoding FKBPS proteinina
first sample from the subject, wherein 1) the first sample comprises primary cells; and 1) the
first sample 15 obtained before administering the GRA to the subject; b) optionally

admunistering the GRA to the subject; ¢) measuring a sccond 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, whergin: 1) the second sample comprises primary cells; and 14} 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 FKBPS protein or a reduction in the expression level of the gene encoding FKBPS protein

in the second sample indicates the response to the GRA.

{36521  In some cases, the subject has received one or more doses of a GRA prior to the
obtaining of & first sample. For example, the subject may be undergomg GRA therapy, or
may have previously undergone GRA therapy. Thus, m some cases, the pre-GRA
administration sample may be obtained a suitable penod of time after a GRA admimistration
to allow for measurement of bascline FKBPS levels that are unaffected by the presence of a
GRA. Thus, o some cases, the first samople, which is obtained prior to admunistering the
GRA 1o the subject, is obtained at least 4, 5,6, 7, 8,9, 10, 12, 16, 18, or 24 hours after a
previous GRA administration, oratleast 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 GRA
adnunistration. A suitable period of ime between a previous administration of a GRA and
obtaining a first sample can be determined based on the pharmacokinetics of a previously
administerod GRA. In some cases, a suitable period of time is a length of time sufficient for
the GRA to 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 FKBP3 protein or mRNA levels).

{0853} Insome cases, the subject is admimstered multiple doses of a GRA between the
obtaining of the first sample and the obtaining of the second sample. In some cases, the
subjoct 1s administered, or is administered 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 obtaining of the second sample. In some cases, the subject is admunistered a GRA,
and the second sample is obtained afier a period of time suitable to allow for downregulation
of FKBP3. For example, the second sample can be obtained at least 0.5, 1,2, 4, 6, 8, 10, {2,
16, 20, or 24 hours after GRA admunistration. In other cases, the second sample can be
obtained between doses of a multiple GRA dosage schedule. In yet other cases, the second
sample 1s obtained immediately prior, immediately after, or during onc or more GRA
admimstrations. In any case, the second sample is obtained after at ieast one dose of GRA

has been administered to the subject.
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{36541  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 hvpercortisoleria. The method can be useful, e.g., for confirming the cfficacy of a
treatment modality, monitoring treatment outcomes, or guiding treatment decisions. For
example, if a patient presents with hvpercortisolemia, 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
chinical or biochemical response, or an mdication of a strong clinical or biochemical
response, to the medical or surgical therapy can then predict a positive clinical cutcome, an
mcreased likelihood of a positive clinical outcome, or suggest continuation of the medical or
surgical therapy. In some cases, a negative indication ot a clinical or biochenucal response,
or a lack of a strong clinical or biochemical response, can predict a negative clinical outcome,
an increased hikelihood of a negative clinical outcome, or suggest administration of an
increased dose or additional doses of a medical therapy, or adminisiration 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 chinical or biochemical response, can suggest a

need for additional or aliemative treatments.

{6855} The method for assessing a clinical or biochemical response to a medical or surgical
therapy for hypercortisolemia in a human subject can mclude: a) measuring a first amount, or
activity of FKBP3 protein or a first expression level of a gene encoding FKBPS proteinin a
first sample from the subject, wherein 1) the first sample comprises primary cells; and i) the
first sample 15 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 sceond 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
cxpression level of the gene encoding FKBPS protein m the second sample mdicates the

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

[3056]  In some cases, the medical or surgical therapy includes administering an inhibitor of
steroidogenesis. Exemplary inhibitors of steroidogenesis mnclude, but are not limited to,

aminoghutethimide, cholesterol sulfate, ketoconazole, levoketoconazole, metyrapone,
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LCI699, mutotane, and etomidate. In some cases, the medical or surgical therapy includes
administering an ACTH modulator. Exemplary ACTH modulators include, but are not
limited to, dopamine agonists, retinoic acid, R-roscovitine, somatostatin, and somatostatin
analogues. Exemplary dopamine agomsts inciude, but are not limited to, bromocnptine, and
cabergohne. 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
administration. In some cases, the medical or surgical therapy is or includes transsphenoidal
surgery, or repeat transsphenoidal surgery, In some cases, the medical or surgical therapy is
or includes adrenalectomy, wilateral adrenalectomy, or bilateral adrenalectomy. In some
cases, the medical or surgical therapy is or includes radiotherapy. In some cases, the medical
or surgical therapy is or includes resection of a non-pituttary ACTH-secreting tumor. In
some cases, the medical or surgical therapy 1s or includes treatment with a peptide receptor
radionuclide therapy {e.g., Y-90 or Lu-177 labeled octrentide). In some cases, the medical or
surgical therapy is or imcludes a combination of any two or more of the foregoing medical or
surgical therapics. 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 suigical therapies.

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

{6857} In some cases, the subject has received one or more doses of a medical therapy for
hypercortisolemia 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 sampic may be obtained a suitable period of
time after a medical therapy administration to allow for measurcment of bascline FKBPS
levels that are unaftected by the presence of the medical therapy. Thus, in some cases, the
first sample, which s obtained prior to administering the medical therapy to the subject, is
obtained at feast 4, 5, 6,7, 8,9, 10, 12, 16, 18, or 24 hours after a previous medical therapy
admimstration, oratleast 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 cascs, a suitable period of time s a length of time
sufficient for the medical therapy to be completely removed from the subject. In some cases,

a suitable period of time 1s a length of time sufficient for the medical therapy to bave no or

el

minimal effect on FKBPS levels {e.g, amount or activity of FEBPS proten or mRNA levels).
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[3658]  In some cases, the subject 1s administered multiple doses of a medical therapy
between the obtaining of the first sample and the obtaining of the second sample. In some
cases, the subject 1s administered, or is adninistered 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 1s administered a
medical therapy, and the second sample is obtained after a period of time switable to allow for
downregulation of FKBP3 expression, amount, or activity. For example, the second sample
can be obtained atleast 0.5, 1,2, 4, 6, 8, 10, 12, 16, 20, or 24 hoors after administration of the
medical therapy. In other cases, the second sample can be obtained between doses of a
multiple dosage schedule. In yet other cases, the second sample 1s obtained mmmediately
prior, immediately after, or during one or more adnunistrations ot a medical therapy. In any
case, the second sample 1s obtained after at least one dose of a medical therapy has been

administered to the subject.

i. Sample extraction, preparation, and analysis
16059]  The sample can be obtained by any means known in the art. For cxample, the
sample can be obtained by collecting a blood sample {e.g., a sample of whole blood or a
fraction thereof). Aliernatively, the sample can be obtained by scraping epithelial cells (e.g.,
nasal epithelial cells) of a subject. Samples inchide, but are not imited to samples of human
cells and tissues, such as blood samples, cercbrospinal fluid samples, synovial tissue samples,
synovial fhid samples, brain tissue samples, blood vessel samples, or tumor samples.
[0668] Samples encompass samples of healthy or pathological cells, tissues or structures.
In some cases, the sample can be provided by obtaining cells of a tissue or organ affected by
a disease or condition mediated by GR activity or signaling. For exarnple. in human subjects
suffering from a type of cancer that can be treated with a GRA {e.g., a GRA in combination
with a chemotherapeutic), a sample contaiming 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 ovanan 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 tissue or organ affected by hypercortisolemia. In some cases, the sample
can be provided by obtaining cells of a subject sutfering from or suspecied of being suffering
from Cushing’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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36611 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 ysate is
further fractionated to punfy 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 fevels or activity. Alternatively, the cells can be bysed, and &
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 assayved by
quantitative amplification {e.g., gPCR), or reverse transcrption and subsequent quantitative

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

6862} The cell lysate, or protein fraction thergof, can be purified using a variety of
methods to obtain a fraction enriched for FIKCBPS protein, or a portion thercof. For example,
cells can be lysed and contacted with a chromatography medium under conditions suitable to
preferentially bind contaminants or target protein. Where contanunants are preferentially
hound, target protein can be collected as a flow through fraction and assaved further, Where
farget protein is bound, the chromatography medium can be washed and the target protein

eluted.

[B863] As another example, cells can be lysed and contacted with a capture reagent (0.2, 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
FKBP3 protein or portion thereof can be eluted from the capture reagent and then detected or
quantified. In other cases, the FKEP3 protein or portion thereof can be detected or quantified

as a capture reagent-bound form.

36641 Similardy, the cell lysate, or nucleic acid fraction thereof can be purified osing a
variety of methods to obtain a fraction enriched for a transcript of a gene cncoding FKBPS.
For example, cells can be lvsed and nucleic acids can be precipitated or otherwise purified
from the Ivsate. In some cases, the nucleic acids can be punified by contacting the sample, or
a fraction thereof, with a surface immmobilized oligodT moiety to preferentially bind
polvadenyiated mRNA.

{36657 Nucleic acids can be subject to amphfication, hvbridization, polymerization, reverse
transcription, or a combination thercof. In some cases, the amplification, hybridization,

polymerization, or reverse transcription 18 target specific such that the gene encodmg FKBPS,
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a transcript thereof, or a portion thereof is specifically amphfied, hybndized, or reverse
transcribed. In some cases, the amplification, hybridization, polymerization, or reverse
transeription 1s not target specific such that the sample is subject to whole genome or whole
transcriptome hybridization, polvmerization, 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 franscription, the gene encoding FKBP3 can be detected and/or

quantified.

[6666] The amount or activity of FKBPS 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 m a sample, or a protein extract thergof,
using one or more antibodics specific for the FKBP3S protein, or a portion thereof. In some
cases, the ELISA 15 a sandwich ELISA, i which FKBPS5 polypeptide, or a portion thereof, is
immobilized by binding to an immobilized capture reagent (e. g, capture antibody or
aptamer)}, and the immobilized polypeptide or portion thercof is detected with a detection

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

[3067] As another example, activity of the FKBP3 polypeptide, 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 probvl isomerase activity of the
sample. In some cases, the isomerization of the substrate can be measured using an cis-trans
proline isomer sensifive cnzyme, such as a protease. For example chymotryvpsin, which has a
high substrate specificity and catalytic efficiency (k../Km} against peptide substrates having
a trans-proline at the P2 position and phenylalanine 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 used to measure proly! isomerase activity. For instance, an N-succinyi-Ala-Leu-
cis-Pro-Phe-p-nitroantlide substrate can be used in combination with chymotrypsin, which
preferably cleaves the trans prolvi isomer of the subsiraie to assay a sample or extract thereof
for FKBP3 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 ef af.

Nature. 1989 Feb 2;337(6206).476-8.
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[3668]  As another example, activity of the FKBP3 polvpeptide, or a portion thereof, can be
detected or quantified by measuring the amount of FKBPS protein bound to glucocorticod
receptor {GR) in the sample. This can be performed, e.g., by purnifying GR or FKBP3 protein
under conditions switable to preserve binding between GR and FKBP3S proteim. The
purtfication product can then be assayed for the presence, absence, or quantity of the cognate
binding partner. For example, cytosclic GR can be purified and the presence of FKBPS
protein detected in the punfication product. As another example, FEKBPS protein can be
purified and the presence of GR can be detecied in the puntfication product. In some cases,
this can be performed using a sandwich ELISA-type assay in which the immobilized captare
reagent recogrizes onc member of the GR:FKBPS protein complex and the detection reagent

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

[3069]  As another example, cxpression of a gene encoding FKBPS can be measured by
reverse transcription of FKBP3 mRNA, or a portion thereof, and guantitative amplification of
the reverse transcription product or a portion thereof. The quantitative amplification can be
performed using PCR (e. 2., real time PCR) or other amplification techniques known in the
arf. The amplification can be detected by, e.g., detecting incorporation of an intercalating dye
mito the amplification product, degradation of a quenched fluorescence hydrolysis probe, or

binding of quenched molecular beacon.

16076]  Any measured amount or activity or expression level in a sample can be normalized
to a reforence. For example, an expression level can be normalized to the amount of total
mRNA, or the expression level of a reference gene. Suitable reference genes include, but are
not limited to, GAPBH, hypoxanthine phosphoribosyliransferase 1 (HRPT1}, nibosomal
protein large P1, or another housckeeping gene. As another example, FKBPS protein amount
can be normalized to total protein levels, or the level of a reference gene product. Swmitable
reference gene products include, but are not himited to, actin, tubulin, COX TV, HRPTI,

GAPDH, or another housekeeping gene product.

ii. Comparing FKBPS amount activity or expression
{0871} Insome embodiments, the amount or activity of FKBP3 or the expression level of a
gene encoding FKBPS protein after administration of a GRA is quantified from a sample
obtained after administration of one or more doses of the GRA and compared to a control or
threshold value rather than a pre-GRA adounistration value, In some cases, the control or

threshold valoe is a positive control or threshold value that indicates a biochenucal or clinical

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

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

10672}  In some cases, the quantified amount, activity, expression that indicates a3
biochemical or clinical response to the GRA 1s equal to about, or less than about, 23%, 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, 5-fold, 7.5-fold, 10-fold, 12-fold, 153-fold, 20-fold, 25-fold, 30-fold, 40-

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

[6673] In some cases, the control or threshold value s 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
quantified amount, activity, or expression level that 1s below the negative control or threshold
value {e.g., significantly below) can indicate a chinieal or biochemical response or a strong
chinical or biochemical response to the GRA. In contrast, a quantified amount, activity, or
cxpression level that is near, equal 1o, or above the negative control or threshold value can
mdicate 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 i3 egual 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 biochemucal response to the GRA is at least about
75%, 100%, 110%, 125%, 1509, 2009%, 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
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obtained after administration of one or more doses of the GRA and compared to a value
quantified from a sample obtained pricr to adounistration of one or more doses of the GRA.
A quantified post-admuustration amount activity or expression level that is below the pre-
adnunistration value can mdicate a clinical response, a biochenucal 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 biochenucal
response, a lack of a strong biochemical response, or a lack of a strong clhinical response to
the GRA. In some cases, when the post-GRA administration value is greater than the pre-
GRA administration value, progression of the disease or condition in the hnuman subject is
mndicated. In some cases, when the post-GRA admunistration value is leas than the pre-GRA
administration value, improvement of the disease or condition in the human subject is

mdicated.

{36751 The provided pre-GRA adnunistration sample can be taken at any time priorto
admunistration of a GRA, including but not Himited to, inunediatelv betore GRA
admunistration; at least about 1, 2, 3,4, 6, 7, 8, 10, 15, 20, 25, 30, 45, 50, 68, 83, or 90
minutes before GRA admunistration; 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 adnunistration. In some
cases, the provided pre-administration sample is obtained from about 0 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 10

& hours prior to administration of the GRA.

{6876} The provided post-GRA adnunistration 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 FKBP3
amount or activity, or a change in expression of a gene encoding FKBPS. In some cases, the
time 13 selected to achieve a maximum possible response (e.g., climical or biochemical
response ) to GRA admiunusteation. In some cases, the delay between administration of the
GRA and obtaining of the post-GRA admnistration sample 1s at least about 1, 2, 3,4, 5,6, 7,
8.9,10, 11,12, 13, 15,20, 25, 30, 40, or S0 minutes; 1, 2,3, 4,5, 6,7, 8, 10, 12, 14, 13, 16,

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

{36777  The provided post-GRA administration sample can be taken after multiple

adnunistrations 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 davs {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
FKBP3 protein amount or activity or FKBP5 gene cxpression to assess a chinical response to

the GRA orto assess a biochemical response to the GRA.

[B078] In some cases, the quantified post-GRA administration amount, activity, or
expression that indicates a chinical or biochemical response to the GRA is less than about,
300%, 250%, 200%, 150%, 100%. 75%, 50%, 40%, 30%, 25%, 20%, 15%, 10%, 7.53%, 5%,
2.5%, 2%, 1.5%, or 1% of the pre-GRA administration value. In some cases, the quantified
posi-GRA admanistration amount activity or expression that ndicates a lack of a chinical or
biochemical response to the GRA is equal to about or above about 75%, 80%, 85%, 90%,

100%, 110%, 120%, 125%, 150%, or 200% of the pre-GRA admimustration value.

36791 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 colls arc obtained from a subject and assaved for FKBPS
amount or activity or the expression level of a gene encoding FKBP3. 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 Ievel of GR and GRA therapy 1s not indicated. In
some cases, a low level of FKBPS selative to a control may suggest that the FKBPS feedback
mechanism is moperative, and thus GRA therapy may be mdicated. In some cases, a
reduction in FKBPS in tumor cells after administration of GRA as compared to a pre-

adoinistration value can suggest that GRA therapy is indicated.

[B880] Simidarly, 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 FKBPS 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 FKBPS amount, activity, or expression
level can indicate that GRA therapy can be beneficial for this cancer type, cell, ortamor. 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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{36811 In some cases, FKBPS levels can be detected tn tumor cells that have been extracted
from a paticnt and cultured in vifro. For example, a sample containing tumor cells can be
obtained, a portion of the sample assaved for FKBP3 {protein or expression), and a GRA
adnunistered to a different portion of the sample. The GRA administered sample can be
assayed for FKBPS protein amount, or activity, or FKBP3S gene expression and compared to

the pre-administration value.

{36821 In some cases, FKBPS levels can be determined after transsphenoidal surgery to
detect relapse or renuission of Cushing’s syndrome. For example, FKBPS can be measured in
samples obtained before and after transsphenoidal surgery. Additionally or alternatively,
FKBPS5 can be detected i samples obtained at several time points after transsphenoidal
surgery. For example, FKBPS can be detected 1n 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
subjeet is exlubiting remission of Cushing’s syndrome or 1s not exhibiting carly relapse of
Cushing’s syndrome. In some cases, a decrease in FKBP3 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 1s not exhibiting carly relapse of Cushing’s syndrome.
In some cases, a stable or decreasing value of FKBPS in samples taken at multiple time
points after transsphenocidal surgery mdicates that the subject 15 exhibiting remission of

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

{66831  In some embodiments, 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 GRA and relative to a pre-GRA administration or control value, the
method comprises administering an increased amount of GRA to the subject, or
admimstening an alternative GRA to the subject, or a combination thereof. 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 FKBP3 protein
after admumistration 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 thereof,

{36841 In some embodiments, the amount or activity of FKBPS or the expression level of a

gene ¢ncoding 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 admimistration of one or more doses of a medical therapy for treatment of
hypercortisolemia and compared 1o a control or threshold value rather than a pre-
adnunistration value. In some cases, the control or threshold value s a posttive control or
threshold vahue that indicates a biochemical or clinical response, or a strong biochemical or
climical response to the medical or surgical therapy in the tissue, organ, or cell-type subject to
the assay. Thus mn such cases, a gquantified amount, activity, or expression level that is near,
equal to, or below the positive control or threshold value can indicate a biochemical or
clinical response or a strong biochemical or chinical response to the medical or surgical
therapy for treatment of hypercortisolenua. In contrast, a quantified amount, activity, or
expression level that is above, or signiticantly above, the positive control or threshold value
can indicate a lack of a biochemical or chinical response, or a lack of a strong biochemical or

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

{36851 In some cases, the quantified amount, activity, expression that indicates a
biochemical or clinical response to the medical or surgical therapy for treatment of
hypercortisolemia 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 to,
about, or above about a 2-fold, 2.5-fold, 3-fold, 4-fold, S-fold, 7.5-fold, 10-fold, i2-fold, 15-
fold, 20-fold, 25-fold, 30-fold, 40-fold, or 30-fold multiple of the positive control or threshold

value.

[6886] In some cases, the control or threshold value is a negative control or threshold value
that mdicates a lack of a response {e.g., biochemical or clinical} to a medical or surgical
therapy for treatment of hvpercortisolenma or a value that is typically obtained without, or
prior to, admimstration of a medical or surgical therapy for treatment of hypercortisslemia.
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 indicate a clinical or
biochenuical response or a strong clinical or biochenucal response to the medical or surgical
therapy for treatment of hypercortisolemia. In contrast, a quantified amount, activity, or
cxpression level that is near, equal to, or above the negative control or threshold value can
indicate a lack of a climcal 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
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therapy for treatment of hypercortisolemia. In some cases, the guantified amount, activity, or
cxpression that indicates a clinical response to the medical or surgical therapy for treatment
of hvpercortisolemia or a biochemical response to the medical or surgical therapv for
treatment of hypercortisolemia 1s equal to, about, or less than about 0.25%, 0.3%, 1%, 5%,
T.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
tack of a clinical response or a lack of a biochemical response to the medical or surgical
therapy for treatment of hypercortisolemia is at least about 75%, 100%, 110%, 125%, 150%,

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

{0887} Insome embodiments, the amount or activity of FKBP3 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 obtaimed after adounistration of one or more
doses ot the medical therapy for treatment of hypercortisolemia and compared 1o a value
quantified from a sample obtamed prior to administration of one or more doses of the medical
therapy for treatment of hypercortisolemia. A quantitied post-administration amourtd 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
medical therapy for treatment of hypercortisolenua. In contrast, a quantified post-
administration amount activity or expression fevel that is near or equal to the pre-
administration value can mdicate a tack of a clinical response, a lack of a biochenmcal
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-
adoministration value is greater than the pre-administration value, progression of the
hypercortisolemia condition in the human subject 1s indicated. In some cases, when the post-
administration value is less than the pre-admunistration value, tmprovement of the

hypercortisolemia condition in the human subject 15 indicated.

10688} 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,
tmmediately before therapy administration; at leastabout 1, 2,3, 4,6, 7, &, 10, 15, 20, 25, 30,
45, 50, 60, 80, or 90 minutes before therapy administration; at least about 2, 3,4, 5,6, 7. 8,
10,12, 14, 16, 18, 20, or 22 hours before therapy adnunistration; at least about 1,2, 3, 4, 5, or

6 days before therapy administration: 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 to
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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 administration of the therapy.

1608%] The post-therapy administration sample can be taken after a time suitable to allow
the activity of the therapy to manifest m a change {e.g., a detectable change) in FKBPS
arpount or activity, or a change in expression of a gene encoding FKBPS. In some cases, the
time 1s selected to achieve a maximum possible response {e. 2., climcal or biochemical
response} to therapy administration. In some cases, the delay between administration of the
therapy and cbtaining of the post-therapy administration sample is at least about 1, 2, 3, 4, 5,
6,7,8,9, 10, FL, 12,13, 15, 20, 25, 30, 40, or 50 munutes; or 1, 2, 3,4, 5,6, 7,8, 10, 12, 14,
15,16, 18, 20, 22, or 24 hours.

[3890] The post-therapy admimistration sample can be taken after multiple administrations
of one or more medical or surgical therapies. For example, one or more medical therapics
{e.g, admuinistration of a GRA, ACTH-modulator, inhibitor of steroidogenesis, efc ) can be
adnunistered to a human subject in need thereof fora period of days {e.g. 1,2, 3.4, 5, 016
days) orweeks {e.g., 1, 2, 3, 4, or 5 weeks) and then a post-admimnisiration sample obtamed
and analyzed for FKBPS protein amount or activity or FKBPS 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 haman
subject in need thereof and then repeated, and then a post-admimistration sample obtained and
analyzed for FKBPS protein amount or activity or FKBPS gene expression to assess a clinical

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

[B8911 In some cases, the quantified post-administration amount, activity, or expression
that indicates a clinical or biochemical response to the therapy is fess than about, 75%, 50%,
40%, 30%, 25%, 20%, 15%, 10%, 7.5%, 5%, 2.5%, 2%, 1.5%, or 1% of the pre-
admunistration value. In some cases, the guantified post-administration amount activity or
expression that mdicates a lack of a clinical or biochenucal response to the therapy is equal
10, about, or above about 80%, 83%, 90%, 100%, 110%., 120%, 125%, 15096, or 200% of the

pre-administration value.
36921  In some cases, FKBPS levels can be determined after transsphenoidal surgery to
detect relapse or renussion of hvpercortisolenua. For example, FKBPS can be measured in

samples obtained before and after transsphenoidal surgery. Additionally or alternativelv,
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FKBPS can be detected 1n samples obtained at several time pomts 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 1s exhibiting remission of hypercortisolemia or is not exhibiting early relapse of
hypercortisclemia. In some cases, a decrease in FKBPS ag compared to the value detected in
a sample obtained prior to transsphenoidal surgery indicates that the subject 15 extubiting
remission of hypercortisolemia or is not exhibiting early relapse of hypercortisolemia. In
some cases, a stable or decreasing value of FKBPS i samples taken at multiple time points
after transsphenoidal surgery indicates that the subject is exhibiting remission of

hypercortisclemia or 1s not exhibiting early relapse of hypercortisolemia.

[6893] In some cmbodiments, in the absence of a detected reduction in the amount or
activity of FIKBPS protein or expression of the gene encoding FKBPS protein afier
administration of the medical or surgical therapy for treatment of hypercortisolenia and
relative to a pre-administration or control value, the method comprises administering an
mereased 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 thergof. In
some embodiments, 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 hypercortisolermia and relative to a pre-
admunistration 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, 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 thereof.

iii, Threshold, Control, and Threshold Difference Values
[6694] FKBPS amount, expression, or activity can be compared to various threshold,
control, or threshold difference values to assess clinical or bigchemical 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
ot hypercortisolenua administration) to post-adnunistration can be compared to vanous

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



(]

10

20

WO 2016/187347 PCT/US2016/033143

to the administered GRA or other therapy as described herein. In some cases, the threshold,
control, or threshold difference value 15 selected to provide a sufficient sensitivity or
specificity for use as a diagnostic. For example, the threshold, control, or threshold
ditference value can be selected to provide at least a 90% sensitivity, at least a 95%
spectficity, or the combination thereof. In 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.

106951 In some cases, the cohort size 15 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 mdividuals 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 described herein, a cohort of
such healthy individuals would be expected to exhibit a smali difference in FKBPS amoun,
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-administration 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 chinical or biochemical response to the

GRA.

[6896] 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. [n some cases, the cohort of test individuals known or suspected of
having Cushing’s syndrome is an untreated control cohort. In some cases, the cohort can
comprise or consist of subjects having Cushing’s syndrome and exhibiting a clinical 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 ehimination of, one or more
sympioms of Cushing’s. As described herein, a measured FKBPS amount, activity, or
expression level that is similar to (e. 2., less than 5%, 10%, 25%, 30%, 50%, 75%, or 100%
above, or at least 939%, 80%, 80%, 70%, 60%, or 50% of} a threshold value denved from a

cohort of 20 or 30 or 30 test individuals known or suspected of having {e. g, untreated)

Wl
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Cushing’s syndrome can indicate that the subject has Cushing’s syndrome. In contrast, a
measured FKBP3 amount, activity, or expression level that is lower than (e g., less than 1%,
5%, 10%, 13%, 20%, 25%, or 50% of} a threshold value derived from a cohort of 20 or 30 or
50 test individuals known or suspected of having {e. 2., untreated) Cushing’s syndrome can

mdicate that the sabject does not have Cashing’s syndrome.

[6097]  Alternatively, a measured reduction in FKBPS amount, activity, or expression level
from pre-GRA adnunistration to post-GRA administration that is similar to a threshold
difference value denved from a cohort of 20 to 30, 20 to 50, 30 to 50, or at least 20, 30, or 50
mdividuals 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 1o 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

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

{6898} 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 10 50, or at least 20, 30, or 50 mdividuals known or suspected of having Cushing’s
syndrome} can be a contained in a database. In such cases, comparisons to the threshold,
control, or threshold difference value can comprise guerying the database. In some cases, the
comparison further comprises applving a test of statistical significance. In some cases, the
test of stanstical significance includes a comparison of the relative vanabibity of the amount,
activity, or expression level 1o the cohort to the amount, activity, or expression level in the
human subject. In some cases, the test of statistical significance includes a companson of the
relative variability in a change m FEKBPS amount, activity, or expression from pre- to post-
medical or surgical therapy admimistration or from pre- or post-GRA administration 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 wdentifying whether the comparison 1s
statistically significant in view of the inherent variability of the measurement as indicated by

the observed vanability 1o the cohort.

(U9
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iv. GRA administration
106991 A GRA administered to the human subject can be any glucocorticoid receptor
antagonist, including any of the GRAs described berein. Exemplary GRAs include, but are
not limited to, mifepristone, or a heteroarvi-ketone GRA. In some cases, the GRA
administered to the human subject is 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 progesterone receptor
(PR). In some cases, the GRA s a pan-specific GRA that preferentially binds to, and
antagomizes, the GR and one or two other nuclear receptors selected from the group
consisting of MR, AR, and PR. In some cases, the GRA is a non-specific GRA that binds 1o
and antagomizes GR, MR, AR, and PR,

[3G100] 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
modifications of the 11~ B hvdroxy group and modification of the 17- § side chain (See, ¢. g,
Lefebvre (1989} J. Steroid Biochem. 33: 557-563). Steroidal GRAs can also include
androgen-type steroid compounds as described in U.S. Pat. No. 5,929,058, and the
compounds disclosed in U5, Pat. Nos. 4,296,206, 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,
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,
5,426,102; 5,439,913, 5,616,458, 5,696,127, and 6,303,591, Such stercidal GRAs include
cortexolone, dexamethasone-oxetanone, 19-nordeoxyeorticosterone, 19-norprogesterone,
cortisol-2 1-mesylate; dexamethasone-21-mesylate, 11f-(4-dimethvlaminocthoxyphenyi)-

1 7u~propynvi-17p-hvdroxy-4,9-¢stradien-3-one (RUG0Y), and 17B-hydroxy-17u~19-(4-
methylphenviandrosta-4,9(11}-dien-3-one (RUO44).

[6101] Other examples of steroidal GRAs are disclosed in Van Kampen ef o/, (2002} Eur.
I Pharmacol. 457(2-3):207, W 03/043640, EP 0 683 172 B, and EP 0 763 541 B, cach of
which is incorporated herein by reference. EF 0763 541 B1 and Hovberg er o/, Int'1 J. of
Neuro-psychopharmacology, 5:Supp. 1, 5148 (2002); disclose the compound (115,176)-11-
(1,3-benzodioxol-5-yv1)-17-hvdroxy-17-(1-propynvlestra-4,9-dien-3-one (ORG 34517).
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{3162} The GRA can be a non-steroidal GRA. Non-steroidal GRAs do not share structural
homaology to, or are not modifications of, cortisol. Such compounds include synthetic
mimetics and analogs of proteins, including partially peptidic, pseudopeptidic and non-
peptidic molecular entities. Non-steroidal GRA compounds also include glucocorticoid
receptor antagonists having a cyelohexyl-pyrimidine backbone, a fused azadecalin backbone,
a heteroaryl ketone fused azadecalin backbone, or an octahivdro fused azadecalin backbone.
Exemplary glucocorticoid receptor antagonists having a cvclohexyvl-pyramidime backbone
mnclude those described 1n UK. Patent No. 8,685,973, Exemplary ghicocorticoid receptor
antagomnists having a fused azadecalin backbone include those described in U.S. Patent Nos.
7,928,237, and 8,461,172, Exemplary glucocorticoid recepior antagonists having a
heteroaryt ketone fused azadecalin backbone include those described in 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
Octahvdro Fused Azadecalin Glucocorticoid Receptor Modulators, Attomey Docket No.

85178-887884 (007300US), 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 Apphication 200200773356, the ghicocorticoid receptor antagonists disclosed in
Bradley eral, J. Med. Chem. 45, 2417-2424 (2002}, e.g., 4a(5)-benzvl-2{R)-chlorocthynvl-
1,2.3,4,40,9,10,10u{R)-octahydro-phenanthrene-2, 7-diol (“CP 3945317} and 4a(S)-benzyl-
2{Ry-prop-t-yoyl-1.2.3 4 409,10, 10a{R}-octahydro-phenanthrene-2, 7-dicl ("CP 4090697,
and the compounds disclosed in PCT Intemational Application No. W 96/19458, which
describes non-steroidal compounds which are high-affinity, highly selective antagonists for

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

[0184] The GRAs can be delivered by any switable 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.

{6165} The pharmaccutical preparation is preferably in unit dosage form. In such form the
preparation is subdivided mto unit doses containing appropriate 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 1o vials or ampoules. Also, the
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unit dosage form can be a capsule, tablet, cachet, or lozenge itself, or it can be the appropnate

number of any of these 1 packaged form.

[0186] The GRA can be co-administered with other agents. Co-adnnnistration includes
administering the GRA within 0.5, 1, 2, 4, 6, 8, 10, 12, 16, 20, or 24 hours of the other agent.
Co-adnunistration also includes administering simultancously, approximately simultancously
{c.g.. within about 1, 5, 10, 15, 20, or 30 munutes of each other), or sequentially in any order.
Moreover, the GRA can cach be administered once a day, or two, three, or more times per

day so as to provide the preferred dosage level per day.

(0107 In some embodiments, co-administration can be accomplished by co-formulation,
i.e., preparing a single pharmaceutical composition including a GRA and any other agent.
Alternatively, the various components can be formulated separately. Exemplary compounds,
compositions, or active agents that can be co-administered with a GRA nclude, but are not
limited to, another GRA, an agent that inhibits cellular proliferation, an anti-cancer

chemotherapeutic, or an antibody.

{6108 The GRA and any other agents, can be present in any suitable amount, and can
depend on various factors inclhuding, but not lumited to, weight and age of the subject, state of
the discase, etc. Suitable dosage ranges include from about 0.1 mg to about 10,000 mg, or
about 1 mg to about 1000 mg, or about 10 mg to about 750 mg, or about 23 mg to about 500
mg, or about 50 mg to about 250 mg. Suitable dosages also include about 1 mg, 5, 10, 20,
30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 200 or 1000 mg. Ifthe
GRA is mifepristone, treatment can be further understood by reference to U.S. Application

No. 13/677 465, the disclosure of which is incorporated by reference in its entirety .

(0188 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 usctul 1o antagonizing a glucocorticoid receptor, or with adjunctive agents that

may not be etfective alone, but may contribute to the efficacy of the active agent.

b. Diagnosis of Cushing’s syndrome
(3110} Cushing’s syndrome can be diagnosed by detecting an amount or activity of FKBPS
protein or an expression level of a gene encoding FKBPS and correlating the amount,
activity, or expression level with a presence or absence, or likelihood, of Cushing’s

syndrome. The method can inchide: a) measuring an amount, or activity of FKBPS protein or
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an expression level of a gene encoding FKBPS in a sample from the subject; and b)
identifying the subjeot as Hkely to be suffening from Cushing’s syndrome when the amount,

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

{6311} The sample can be obtained by a variety of means. For example, the sample can be
obtained by collecting a blood samaple {e.g., a sample of whole blood or a fraction thercof).
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, syoovial tissue samples, synovial
fluid samples, bran 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 lvsed, and the protein fraction obtained. In some cases, the lvsate is
further fractionated to punfy a specified cellular compartment. For example, the cell lysate
can be fractionated to obtain a cviosolic protein fraction. As another example, the cell lysate
can be fractionated to obtain a nuciear or nucleolar protein fraction. The protein fraction can
be assayed for FKBPS protein levels or activity. Alternatively, the cells can be lysed, and &
nucleic acid (e.g.. mRNA) fraction obtained. The nucleic acid fraction can be assaved for

expression of the FKBP3S gene.

[0113]  The cell lvsate, or protein fraction thereof can be punfied using a vanety of methods
to obtam a fraction enriched for FKBP3 protein, or a portion thereof. For example, cells can
be lvsed and contacted with a chromatography mediom under conditions sutable 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 1s bound, the chromatography medium can be washed and the target protein

ehuted.

[6114] As another example, cells can be lysed and contacted with a capture reageni {e.g, a
capture antibody or aptamer) that specifically binds to the FKBPS protein, or a portion
thereof. The capture reagent can be inunobilized on a solid support. In some cases, the
FKEBPS protem 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 guantified

as a capture reagent-bound form.
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[3115)  Similardy, the cell lysate, or nucleie acid fraction thereof can be purified osmg a
variety of methods to obtain an fraction enriched for a transcript of a gene encoding FKBPS,
For example, cells can be lysed and nucleic acids can be precipitated or otherwise purnified
from the Ivsate. In some cases, the nucleic acids can be punified by contacting the sample, or
a fraction thereof, with a surface immmobilized oligodT moiety to preferentially bind

polvadenyiated mRNA.

[3116] Nuocleic acids can be subject to amphfication, hyvbridization, polymerization, reverse
transeription, or a3 combination thereof. In some cases, the amphification, hybridization,
polymerization, or reverse transcription s target specific such that the gene encoding FKBPS,
a transcript thereof, or a portion thereof 18 specifically amplified, hybridized, or reverse
transcribed. In some cases, the amplification, hybridization, polymerization, or reversg
transcription is not target specific such that the sample 1s subject to whole genome or whole
transcripiome hybndization, polymerization, or reverse transcription. Whole genome or
other non-specific hybridization, polymenzation, or reverse transcription can be performed
with the use of one or more degenerate primers or probes. Afier non-specific hybridization,
polymerization, or reverse transceription, the FKBPS gene expression can be specifically

detected and/or quantified.

3117} 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 1 a sample, or a protein extract thereof,
using one or more antibodics specific for the FKBPS protem, or a portion thereof. In some
cases, the ELISA s a sandwich ELISA | i which FKBPS polypeptide, or a portion thergof, is
immobilized by binding to an immobilized 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 thercof, can be
measured by contacting the sample, or a protein extract thereof, with a prohine containing
peptide substrate to measure the FKBPS-mediated cis-trans probyl isomerase activity of the
sample. In some cases, the isomerization of the substrate can be measured using an cis-trans
proline isomer sensifive enzyme, such as a protease. For example chymotrypsin, which has a
high substrate specificity and catalyviic efficiency (ke/Kim} against peptide substirates having

a trans-proline at the P2 position and phenylalanine or tyrosing at the P1 position, but very
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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 instanee, an N-succinyi-Ala-Leu-
cis-Pro-Phe-pnttroanilide substrate can be used in combination with chymotrypsin, which
preferably cleaves the trans proivl isomer of the substrate {o assay a sample or extract thereof
for FKBP3 prolyl isomerase activity. The prodaoction 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 nitroamibide substrate by the chymotrvpsin as described, ez, in Fischeref a/.

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

[6119] As another example, actuivity of the FRBPS polvpeptide, 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 purtfication product can
then be assaved for the presence, absence, or quantity of the cognate binding partner. For
example, cvtosolic GR can be purified and the presence of FKBPS protein detected m the
purtfication product. As ancother example, FKBPS protein can be purified and the presence of
GR can be detected in the purnification 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 GRIFKBPS protein complex and the detection reagent recognizes the other

member of the GR.FKBPS protein complex.

10128}  As another example, expression of a gene encoding FKBPS protein can be
measured by reverse transcription of FKBPS mRNA, or a portion thereof, and quantitative
amplification of the reverse transcription product or a portion thereof. The gquantitative
amaplification can be performed using PCR {e.g., real time PCR) or other amplification
technigues known in the art. The amplification can be detected by, e.g., detecting
incorporation of an intercalating dve into the amphification product, degradation of a

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

16121] Awnv measured amount activity or expression level 1n a sample can be nommalized to
areference. For example, expression level can be normalized to total mRNA levels, or the
cxpression level of a reference gene. Suitable reterence genes clude, but are not himited to,
GAPDH, | hypoxanthine phosphoribosyitransferase 1 (HRPT1), ribosomal protein large P1,
or another housckeeping gene. As another example, FKBPS protein amount can be

normalized to total protein levels, or the level of a reference gone product. Suitable reference
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gene products include, but are not limited to, actin, tubulin, COX IV, HRPTI, GAPDH, or

another housekeeping gene product.

16122] The amount or activity of FKBPS protein or expression level of the gene encoding
FKBPS3 can be compared to a control value or threshold to indicate the presence or absence,
or likelihood, of Cushing’s syndrome. In some cases, 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 FKEPS 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 FKBPS protein or expression level of the
gene encoding FKBPS 1s near, equal to, or below the threshold valug, the absence of

Cushing’s syndrome is indicated.

EXAMPLES

I.  Example}l
{6123} Ten healthy subjects are treated with prednisone on dav -19. On day -12, subjects
are treated with prednisone (25 mg) and mifepristone (600 mg). On day 1, subiscts are
treated with prednisone {25 mg) and CORTI125134 (500 mg). Blood samples are taken
before cach dose and at various fime-points after each dose. The study scheme is depicted m
FIG. 1. The expression level of the FKBPS gene is measured in the pre-administration
samples obtained before dosing on cach day and 1o the post-administration samples obtained
at various time pomts afier dosing on cach day. Raw expression level data in the samples are
normalized against the expression level ot the glveeraldehyde phosphate dehydrogenase
{GAPDH) gene m cach sample. Ag illustrated in FIG. 2, the normalized expression level of
the FKBPS5 gene in the whole blood samples after administration of the GR agonist
prednisone i from about 10 o 50 fold above the pre-admimstration level. Administration of
the GRAs mifepristone or CORT125134 causces a significant decrease in the fold change in

FKBPS expression.
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[3124] Although the foregoing invention has been described 1n some detal by way of

itlustration and example for purposes of clarity of uvnderstanding, one of skill in the art will

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

appended claims. In addition, each reference provided herein is incorporated by reference in

its entirety to the same extent as if each reference was mndividually incorporated by reference.

Where a conflict exists between the instant application and a reference provided herein, the

mstant application shall dominate.
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WHATIS CLAIMED IS:

i A method for assessing a biochemical response 1o a glucocorticowd
receptor antagonist (GRA) in a homan subject, the method comprising:

a) measuring a first amount, or activity of 51 kDa FK3506 binding protein
(FK.BPS protein) or a first expression level of a gene encoding FK.BPS proten in a first
sample from the subject, wherem:

1} the first sample comprises primary cells; and
11} the first sample is obtained before the GRA 1s admuustered to the
subject;

b} measuring a second amount or activity of FKBPS protein or a second
expression level of a gene encoding FKBPS protein 1n a second sample from the subject,
wherein:

1} the second sample comprises primary cells; and
i1} the second sample 1s obtained after the GRA s administered to the
subject; and

d) comparing the first and second amounts, activities, or expression levels,
wherein a reduction inn the amount or activity of FKBPS protein or a reduction in the
expression level of the gene encoding FKBPS protein 1 the second sample mdicates the

biochemical response to the GRA.

2. The method of claim 1, wherein the first sample 1s obtamed prior to
administering multiple doses of GRA 1o the subject, and the second sample 15 obtained after

administering the multiple doses of GRA to the subject.

-

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

comprises quantitating an amount of mRNA cncoding FKBPS protein in the sample.

4. The method of ¢laim 1, wherein the measuring of a) and/or b)

comprises quantitating the amount of FKBP3 protein in the sample.

3 The method of claim 1, wherein the measuring comprises quantitating

the amount of FEBPS protein activity in the sample.
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6. The method of claim 3, wherein the quantitating the amount of FKBPS
protein activity in the sample comprises measuring FKBP3 protem peptidyl-prolyi-cis-trans

isomerase activity in the sample.

7. The method of claim 3, wherein the quantitating the amount of FKBP3
protein activity in the sample comprises measuring the amount of FKBPS protein bound to

glucocorticoid recepior (GR) in the sample.

8. The method of claim 1, wherein the GRA admnistered to the subject

comprises mifepristone.

9. The method of claim 1, wherein the GRA adnunistered to the subject is

not mifepristone.

10 The method of claim 9, wherein the GRA administered to the subject

comprises a heteroaryl-ketone GRA.

11, The method of clamm 1, wherein the first or second samples comprise

whole blood, or a fraction thereof.

12, The method of clarm 1, wherein the first or second samples comprise

nasal epithelial seraping samples.

13, The method of claim 1, wherein the patient is in need of administration

of the glucocorticoid receptor antagonist {GRA).

14 The method of claim 13, wherein the patient has elevated levels of

cortisol.

15.  The method of claim 1, wherein the patient has cancer and the first and

second samples comprise tumor cells.

16, The method of claim 1, wherein the first and second samples comprise

whole blood, or a fraction thereof.

17.  'The method of claim 1, wherein the method comprises administering

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

gene encoding FKBPS protein in the sccond sample.

18, A method for diagnosing Cushing’s syndrome m a human subject, the
method comprising:

a) measuring an amount, or activity of 31 kDa FK506 binding protemn {(FKBPS
protein) or an expression level of a gene encoding FKEP3 protein in a sample obtained from
the subiect, wherein the sample comprises primary cells; and

b} identitving the subject as kikely to be suffering from Cushing’s svadrome

when the amount, activity or expression level is high relative to a control.

19, The method of claim 18, wherem the measuring comprises quantitating

an amount of mRNA encoding FKBPS protein in the primary cells of the sample.

20.  The method of claim 18, wherein the measuring compriscs quantitating

the amount of FKBP3 protein in the primary cells of the sample.

21, The method of claim 18, whercin the measuring comprises quantitating

the FKBPS3 protein activity in the primary cells of the sample.

22, The method of claim 21, wherein the quantitating the FKBPS protein
activity in the primary cells of the sample comprises quantitating FKBPS protein peptidyl-

prolvi-cis-trans isomerase activity in the primary cells of the sample.

23, The method of claim 21, wherein the quantitating the FKBPS protein
activity in the primary cells of the sample comprises quantitating the amount of FKBP3

protein bound to GR in the primary cells of the sample.

24, 'the method of claim 18, wherein the sample obtained from the subject

comprises whole blood, or a fraction thereof.

25, The method of ¢laim 18, wherein the subjeot has vodergone

transsphenoidal surgery before the sample is obtained from the subject.

26, The method of claim 18, wherein 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 FKBPS protein 1s high relative to a control.
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1 27, The method of claim 26, wheremn the administering the treatment for
2 Cushing’s syndrome comprises administering 1o the subject a glucocorticoid receptor

3 antagonist {GRA).

i 28, A method for assessing a biochemical response in a human subject to
2 administering to the subject a medical or surgical therapy for treatment of hypercortisolemia,
3 the method comprising:

4 a) measuring a first amount, or activity of 51 kDa FK306 binding protem

5 {FKBPS protem) or a first expression level of a gene encoding FKBPS protein m a first

6 sample from the subject, wherein:

7 1} the first sample comprises primary cells; and
8 11} the first sample 13 obtamed before admimstening the medical or
G surgical therapy for treatment of hypercortisolemia to the subject;
10 b} measuring a second amount or activity of FKBPS protein or a second
11 expression level of a gene encoding FKBPS protein in a second sample from the subject,

12 wherein:

13 1} the second sample comprises primary cells; and

14 it} the second sample 1s obtained after the medical or surgical therapy
15 for treatment of hypercortisolemia is administered to the sabject; and

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

17 wherein a reduction i the amount or activity of FKBP3 protein or a reduction

18 i the expression level of the gene encoding FKBPS protein in the second sample indicates
19 the biochemical response to the medical or suigical therapy for treatment of

20 hypercortisolena.

i 29. The method of claim 28, wherein the medical or surgical therapy for
2 treatment of hypercortisolemia is selected from the group consisting of: inhibition of
3 sterowdogenesis, administration of an ACTH modulator, GRA admimstration, transsphenoidal

4 surgery, repeat transsphenoidal surgery, unilateral adrenalectomy, bilateral adrenalectomy,

5 radiotherapy, resection of a non-pitwitary ACTH-secreting tumor, treatment with a peptide
6  receptor radionuchide therapy, and combinations thereof.
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30. The method of claim 29, wherein the inhibition of steroidogenesis
comprises administration of ketoconazole, levoketoconazole, metvrapone, LCI699, mitotane,

aminoghitethimide, etomidate, or a combination thereof.

31. The method of claim 29, wherein the administration of an ACTH
modulator comprises administration of a dopamine agonist, somatostatin, a somatostatin

analog, retinoic acid, R-roscoviting, or a combination thereof,

32, The method of claim 31, wherein the dopamine agonist is selected

from the group consisting of bromocriptine and cabergoline.

33, 'The method of claim 28, wherein the method comprises administering
an additional medical or surgical therapv for treatment of hypercortisolemia in an absence of
a detected reduction in the amount or activity of FKBPS protein or reduction in the

expression level of the gene encoding FKBPS protein 1 the sccond sample.
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1. D Claims Nos.:
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Group I: Claims 1-17, directed to a method for assessing a response to a glucocorticoid receptor antagonist in a human subject.
Group Il: Claims 18-27 , diracted to a method fur diagnosing Cushing' s syndrome in @ human subject

Group IIl: Claims 28-33, directed to method for assessing a response to a therapy for treatment of hypercortisolemia in a human
subject
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1. I:l As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2, D As all searchablu Ulaims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. E As only some of the required additional search fees were timely paid by the applicant, this interational search report covers
only those claims for which fees were paid, specifically claims Nos.:
1-27

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
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M No protest accompanied the payment of additional search fees.
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Continuation of Box Ill: Observations where unity of invention is lacking

The inventions listed as Groups | through 1ii do not reiate to a single general inventive concept under PCT Rule 13.1 because, under
PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features

Groups Il and 11 do not require assessing a biochemical response wherein a reduction in FKBP5 amount, activity or expression level
indicates that the subject responds to a glucocorticoid receptor antagonist (GRA), as required by group |.

Groups | and Il do not require diagnosing Cushing' s syndrome in a human subject based on elevated FKBPS amount, activity or
expression level, as required by group }.

Group | and Il do not require assessing a biochemical response wherein a reduction in FKBP5 amount, activity or expression level
indicates that the subject responds to a therapy for treatment of hypercortisolemia in a human subject, as required by group il

Common Technical Features

The common technical feature shared by Groups | through lil is measuring an amount, or activity of 51 kDa FK506 binding protein
(FKBPS protein) or an expression levei of a gene encoding FKBPS5 protein in a sample obtained from the subject. However, this shared
technical feature does not represent a contribution over prior art, because the shared technical feature is obvious over US
2012/0039812 A1 to HOLSBOER et al. (hereinafter 'Holsboer'} (para [0011] "assessing in a sample obtained from said subject the
expression level of one or more genes selected from the FK506 binding protein 5 (FKBP5) gene”, para [0019] "The human FK506
binding protein 5 (FKBPS) gene located on chromosome 6 (6p21.3-p21.2) encodes the FK505 binding protein 5."). Holsboer does not
expressly teach that said subject is human, however, an artisan of ordinary skill would have readily appreciated that measurement of
the human FK506 binding protein § taught by Holsboer would be performed in a huinian sample.

A common technical feature shared by Groups | and |ll is measuring an amount, or activity of 51 kDa FK506 binding protein (FKBPS
protein) or an expression level of a gene encoding FKBPS protein in first and second subject samples taken before and after a
treatment, (e.g., a glucocorticoid receptor (GR) antagonist), wherein a reduction in the amount or activity of FKBPS protein ora
reduction in the expression level of the gene encoding FKBPS protein in the second sample indicates that the subject respond to the
treatment. However, this shared technical feature does not represent a contribution over prior art, because the shared technical feature
is obvious over Holsboer in view of US 2012/0094945 A1 to DIAMOND et al. (hereinafter, 'Diamond’). Holsboer teaches measuring
FKBPS expression in first and second subject samples, wherein the first sample is or is not first contacted with a test compound capable
of preventing or treating PTSD (para [0037] "a method of identifying a compound capable of preventing or treating PTSD ... the method
comprising the steps of: (a) assessing the expression level of one or more genes selected from the FK506 binding protein 5 (FKBPS)
gene ... in a sample obtained from a subject and contacted with said test compound; and (b) assessing the expression level of said one
or more gene(s) in ... a sample obtained from a subject, wherein said cell or sample was i) not contacted with said test compound; ii)
contacted with a compound known to not affect the expression levels of said gene(s) of step (a)"). Holsboer does not expressly teach
that a reduction in the expression level of the gene encoding FKBPS protein in the treated sample indicates the biochemical response to
the therapy for treatment, however Diamond teaches modulating GR signaling with GR antagonists wherein FKBPS expression is
reduced (para [0065) *a method of modulating a glucocorticoid receptor by administering to a patient in need of such treatment, a
therapeutically effective amount of a compound described herein”, para {0045] " we identified multiple classes of compounds that
modulate GR signaling at endogenous target genes.", para [0089] Ciclopirox olamine, rosolic acid, and pararosaniline, not previously
known to modulate GR signaling, were each identified in the primary screen as selective GR antagonists. The steroid hormone
hydroxyprogesterone caproate (Hpg), a progestin, also had strong selective effects in the primary screen ... Ciclopirox olamine was a
general GR antagonist, whereas Hpg, rosolic acid and pararosaniline selectively modulated endogenous GR target genes similarly to
their regulation of the plasmid-based FP reporters (compare FIG. 4B to Table 2). Specifically, Hpg had no impact on induction of ENaC
but reduced induction of GILZ and FKBPS5, while rosolic acid inhibited GR induction of ENaC and FKBPS5, but failed to inhibit GILZ (FIG.
4B).") Based on Diamond's teaching, it would have been obvious to an artisan of ordinary skill to use a reduction of FKBP5 expression
in a sample treated with a (for example) GR antagonist compared to the level of FKBPS expression in an untreated sample as a
measure of an effective treatment.

As these technical features were known in the art at the time of the invention, this cannot be considered a special technical feature that
would otherwise unify the groups.

Groups | through i1! therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical
feature.

Note: Claims 1 and 27 comprise parts (a), (b) and (d), but do not comprise a part (c). These claims are not changed.
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