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METHODS FOR DIAGNOSING AND ASSESSING TREATMENT FOR 

5 CUSHING'S SYNDROME 

CROSS-REFERENCES TO RELATED APPLICATIONS 

[0001] This application claims priority to U.S. Provisional Application No. 62/163,130, 

filed on May 18, 2015, the contents of which are hereby incorporated in the entirety for all 

10 purposes. 

BACKGROUND OF THE INVENTION 

|0002] Glucocorticoids (GCs) are a class of steroid hormones that bind to and activate the 

glucocorticoid receptor (GR), which is present in almost every vertebrate cell. The GR is 

15 pleiotropic and regulates a variety of important pathways in the vertebrate organism, for 

example, metabolism, immunity, and development. As such, detection of GR activity or 

regulation can be used to diagnose a variety of different vertebrate diseases, or assess a 

clinical or biochemical response to treatments that modulate GR activity. 

|0003] For example, detection of GR activity or regulation can be used for detection of 

20 various forms of Cushing's syndrome. As another example, glucocorticoid receptor 

antagonists (GRAs) can be administered to a patient to treat a number of different diseases 

and conditions, and detection of a change in 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 compositions for assessing GR activity suffer from one or more of the 

25 following insufficiencies: 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 

30 [0004] In a first aspect, the present invention provides a method for assessing a clinical or 

biochemical response to a glucocorticoid receptor antagonist (GRA) in a human subject, the 

method comprising: a) measuring a first amount, or activity of 51 kDa FK506 binding protein 

1 
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(FKBP5 protein) or a first expression level of a gene encoding FKBP5 protein in a first 

sample from the subject, wherein: i) the first sample comprises primary cells: and ii) the first 

sample is or was obtained before administering the GRA to the subject; b) optionally 

administering the GRA to the subject; c) measuring a second amount or activity of FKBP5 

5 protein or a second expression level of a gene encoding FKBP5 protein in a second sample 

from the subject, wherein: i) the second sample comprises primary cells; and ii) the second 

sample is or was obtained after administering the GRA to the subject; and d) comparing the 

first and second amounts, activities, or expression levels, wherein a reduction in the amount 

or activity of FKBP5 protein or a reduction in the expression level ofthe gene encoding 

10 FKBP5 protein in the second sample as compared to the first sample indicates the clinical or 

biochemical response to the GRA. In some cases, the absence of a reduction indicates a lack 

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

[0005] In a second aspect, the present invention provides a method for assessing a clinical 

or biochemical response to a GRA in a human subject, the method comprising: a) measuring 

15 a first amount, or activity of 51 kDa FK506 binding protein (FKBP5 protein) or a first 

expression level of a gene encoding FKBP5 protein in a first sample from the subject, 

wherein: i) the first sample comprises primary cells; and ii) the first sample is or was obtained 

before administering the GRA to the subject; b) optionally administering the GRA to the 

subject; c) measuring a second amount or activity of FKBP5 protein or a second expression 

20 level of a gene encoding FKBP5 protein in a second sample from the subject, wherein: i) the 

second sample comprises primary ceils; and ii) the second sample is or was obtained after 

administering the GRA to the subject: d) comparing the first and second amounts, activities, 

or expression levels to obtain an FKBP5 difference value; e) comparing the difference value 

to a threshold difference value derived from a cohort of at least 20 or 30 or 50 test 

25 individuals; and f) identifying the subject as having or not having the clinical or biochemical 

response to the GRA based on a comparison of the difference value and threshold difference 

value. In some cases, the threshold difference value is a threshold reduction value and a 

presence of a reduction in FKBP5 amount or activity between the first and second sample 

that is greater than a threshold reduction value indicates a clinical or biochemical response to 

30 the GRA. In some cases, the threshold difference value is a threshold reduction value and a 

presence of a reduction in FKBP5 amount or acti vity 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 to 
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die GRA. In some cases, the at least 20 or 30 or 50 test individuals are subjects known to 

have or suspected of having Gushing's syndrome. In some cases, the threshold difference 

value is determined by subtracting a post-GRA administration FKBP5 amount, activity, or 

expression from a pre-GRA administration FKBP5 amount, activity, or expression in a cohort 

5 of 20 or 30 or 50 test individuals known to have or suspected of having Gushing's syndrome 

that is controlled or well-controlled by GRA administration. 

[0006] In some embodiments, the subject is administered a GRA in multiple doses and the 

first sample is obtained prior to administering the multiple doses of GRA and the second 

sample is obtained after administering the multiple doses of GRA to the subject. In some 

10 embodiments the measuring of a) and/or c) comprises quantitating an amount of mRNA 

encoding FKBP5 protein in the sample. In some embodiments, the measuring of a) and/or c) 

comprises quantitating the amount of FKBP5 protein in the sample. In some embodiments 

the measuring comprises quantitating the amount of FKBP5 protein activity in the sample. In 

some embodiments, the quantitating the amount of FKBP5 protein activity in the sample 

15 comprises measuring FKBP5 protein peptidyl-prolyl-cis-trans isomerase activity in the 

sample. In some embodiments, the quantitating the amount of FKBP5 protein activity in the 

sample comprises measuring die amount of FKBP5 protein bound to glucocorticoid receptor 

(GR) m the sample. 

[0007] In some embodiments, the administering the GRA to the subject comprises 

20 administering mifepristone to the subject. In some embodiments, the administering the GRA 

to the subject comprises administering a GRA that is not mifepristone to the subject. In some 

embodiments, die administering the GRA to the subject comprises administering a 

heteroaryl-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 

25 whole blood, or a fraction thereof. In some embodiments, the first or second samples 

comprise nasal epithelial scraping samples. In some embodiments, the patient is in need of 

administration ofthe glucocorticoid receptor antagonist (GRA). In some embodiments, the 

patient has elevated levels of Cortisol. 

[0008] In some embodiments, the patient has cancer and the first and second samples 

30 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 

3 
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administering an increased amount of GRA to the subject in the absence of a detected 

reduction in the amount or activity of FKBP5 protein or a detected reduction in the 

expression level ofthe gene encoding FKBP5 protein in the second sample. 

[0009] In a third aspect, the present invention provides a method for diagnosing Gushing's 

5 syndrome in a human subject, the method comprising: a) measuring an amount, or activity of 

51 kDa. FK506 binding protein (FKBP5 protein) or an expression level of a gene encoding 

FKBP5 protein in a sample obtained or provided from the subject, wherein the sample 

comprises primary cells; and b) identifying the subject as likely to be suffering from 

Cushing's syndrome when the amount, activity or expression level is high relative to a 

10 control. In some cases, the control comprises a value derived from at least 100 or at least 200 

test individuals. In some cases, the test individuals are subjects that are known to not exhibit 

Cushing's syndrome. In some cases, the test individuals are subjects that are known to have 

normal Cortisol levels or are known to lack hypercortisolemia. In some cases, the control 

comprises a value derived from at least 20 or 30 or 50 test individuals. In some cases, the test 

15 individuals are subjects diagnosed with Cushing's syndrome and undergoing therapy with a 

GRA. In some cases, the test individuals are subjects diagnosed with Cushing's syndrome, 

undergoing therapy with a GRA, wherein at least one symptom of the Cushing's syndrome is 

mitigated or eliminated by the GRA therapy. 

[0010] In a fourth aspect, the present invention provides a method for assessing a clinical 

20 or biochemical response to a GRA in a human subject, the method comprising: a) measuring 

an amount, or activity of 51 kDa FK506 binding protein (FKBP5 protein) or an expression 

level of a gene encoding FKBP5 protein in a sample from the subject, wherein: i) the sample 

comprises primary cells; and ii) the sample is or was obtained after administering the GRA to 

the subject; d) comparing the amount, activities, or expression level of FKBP5 to a control 

25 value derived from a cohort of at least 100 or at least 200 test individuals; and f) identifying 

die subject as having or not having the clinical or biochemical response to the GRA based on 

a comparison of die FKBP5 amount, activity or expression level to die control value. In 

some cases, the at least 100 or at least 200 test individuals are normal subjects that are not 

otherwise in need of a GRA. In some cases, the at least 100 or at least 200 test individuals do 

30 not have Cushing's syndrome. In some cases, the at least 100 or at least 200 test individuals 

do not have elevated levels of Cortisol. In some cases, the at least 100 or at least 200 test 

individuals do not have, or do not exhibit symptoms of hypercortisolemia. 

4 
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[0011] In some embodiments, the measuring comprises quantitating an amount of mRNA 

encoding FKBP5 protein in the primary cells of the sample. In some embodiments, the 

measuring comprises quantitating the amount of FKBP5 protein in the primary cells of the 

sample. In some embodiments, the measuring comprises quantitating the amount of FKBP5 

5 protein activity in the primary cells ofthe sample. In some embodiments, the quantitating the 

amount of FKBP5 protein activity in the primary cells of the sample comprises quantitating 

FKBP5 protein peptidyl-prolyl-cis-trans isomerase activity in the primary cells of the sample. 

In some embodiments, the quantitating the amount of FKBP5 protein activity in the primary 

cells ofthe sample comprises quantitating the amount of FKBP5 protein bound to GR in the 

10 primary cells of the sample. In some embodiments, the sample obtained from the subject 

comprises whole blood, or a fraction thereof. In some embodiments, the subject has 

undergone transsphenoidal surgery before the sample is obtained from the subject. In some 

embodiments, the sample is obtained from, the subject less than eleven days after the subject 

is treated with transsphenoidal surgery. In some embodiments, the sample is obtained from 

15 die subject less than two, four, or six weeks after die subject is treated with transsphenoidal 

surgery. In some embodiments, the method comprises administering a treatment for 

Cushing's syndrome when the amount or activity of FKBP5 protein or the expression level of 

the gene encoding FKBP5 protein is high relative to a control. In some cases, the 

administering die treatment for Cushing's syndrome comprises administering to the subject a 

20 glucocorticoid receptor antagonist (GRA) 

[0012] In a fifth aspect, die present invention provides a method for assessing a clinical or 

biochemical response in a human subject to administering to the subject a medical or surgical 

therapy for treatment of hypercortisolemia, the method comprising: a) measuring a first 

amount, or activity of 51 kDa FK506 binding protein (FKBP5 protein) or a first expression 

25 level of a gene encoding FKBP5 protein in a first sample from the subject, wherein: i) the 

first sample comprises primary cells; and ii) the first sample is or was obtained before 

administering the medical or surgical therapy for treatment of hypercortisolemia to the 

subject; b) optionally administering the medical or surgical therapy for treatment of 

hypercortisolemia to the subject; c) measuring a second amount or activity of FKBP5 protein 

30 or a second expression level of a gene encoding FKBP5 protein in a second sample from the 

subject, wherein: i) the second sample comprises primary cells; and ii) the second sample is 

or was obtained after administering the medical or surgical therapy for treatment of 

hypercortisolemia to the subject; and d) comparing the first and second amounts, activities, or 

5 
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expression levels, wherein a reduction in the amount or activity of FKBP5 protein or a 

reduction in the expression level of the gene encoding FKBP5 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 

5 FKBP5 protein or a reduction in the expression level of the gene encoding FKBP5 protein in 

the second sample can indicate that the medical or surgical therapy is successful in treating 

the hypercortisolism. 

[0013] In a sixth aspect, the present invention provides a method for assessing a clinical or 

biochemical response to administering to the subject a medical or surgical therapy for 

10 treatment of hypercortisolemia, the method comprising: a) measuring a first amount, or 

activity of 51 kDa FK506 binding protein (FKBP5 protein) or a first expression level of a 

gene encoding FK6P5 protein in a first sample from, the subject, wherein: i) the first sample 

comprises primary cells; and ii) the first sample is or was obtained before administering the 

GRA to the subject; b) optionally administering the medical or surgical therapy for treatment 

15 of hypercortisolemia to the subject; c) measuring a second amount or activity of FKBP5 

protein or a second expression level of a gene encoding FKBP5 protein in a second sample 

from die subject, wherein: i) the second sample comprises primary cells; and ii) the second 

sample is or was obtained after administering the GRA to the subject; d) comparing the first 

and second amounts, activities, or expression levels to obtain an FKBP5 difference value; e) 

20 comparing the difference value to a threshold difference value derived from a cohort of at 

least 20 or 30 or 50 test individuals; and i) identifying the subject as having or not having the 

clinical or biochemical response to the GRA based on a comparison of the difference value 

and threshold difference value. In some cases, the threshold difference value is a threshold 

reduction value and a presence of a reduction in FKBP5 amount or activity between the first 

25 and second sample that is greater than, or similar to, a threshold reduction value indicates a 

clinical or biochemical response to 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. 

[0014] Tn some embodiments, the medical or surgical therapy for treatment of 

hypercortisolemia is selected from the group consisting of: inhibition of steroidogenesis, 

30 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 diereof. In some embodiments, the inhibition of 

6 
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steroidogenesis comprises administration of ketoconazole, levoketoconazole, metyrapone, 

LCI699, mitotane, aminoglutethimide, etomidate, or a combination thereof. In some 

embodiments, the administration of an ACTH modulator comprises administration of a 

dopamine agonist, somatostatin, a somatostatin analog, retinoic acid, R-roscovitine, or a 

5 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 FKBP5 protein or reduction in 

the expression level ofthe gene encoding FKBP5 protein in the second sample. 

10 [0015] In some embodiments the measuring of a) and/or c) comprises quantitating an 

amount of mRNA encoding FKBP5 protein in the sample. In some embodiments, the 

measuring of a) and/or c) comprises quantitating the amount of FKBP5 protein in the sample. 

Tn some embodiments the measuring comprises quantitating the amount of FKBP5 protein 

activity in the sample. In some embodiments, the quantitating the amount of FKBP5 protein 

15 activity in the sample comprises measuring FKBP5 protein peptidyl-prolyl-cis-trans 

isomerase activity in the sample. In some embodiments, the quantitating the amount of 

FKBP5 protein activity in the sample comprises measuring the amount of FKBP5 protein 

bound to glucocorticoid receptor (GR) in the sample. 

[0016] In some embodiments, the GRA administration comprises administering 

20 mifepristone to the subject. In some embodiments, the GRA administration comprises 

administering a GRA that is not mifepristone to the subject. In some embodiments, GRA 

administration comprises administering a heteroaryl-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 

25 embodiments, the first or second samples comprise nasal epithelial scraping samples. In 

some embodiments, the patient is 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 DRA WINGS 

30 [0017] FIG. 1: depicts a study scheme for examining the expression level of the gene 

FKBP5, which encodes the FKBP5 protein, in response to administration of a GR modulator. 

In this scheme, healthy subjects are administered a GR agonist, followed by co-

7 
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administration of a GR agonist and a GR antagonist (GRA). Biood samples are obtained 

from 10 subjects before each dose and at various time points after each dose. FKBP5 

expression levels are measured before dosing on each day. and at selected times after dosing 

on each day, 

5 [0018] FIG. 2: depicts the fold difference in GAPDH normalized FKBP5 expression levels 

in samples taken before and after administration of the indicated GR agonist (prednisone), or 

before and after administration of the indicated GR agonist in combination with the indicated 

GR antagonist (mifepristone or CORT125134). 

10 DEFINITIONS 

[0019] The abbreviations used herein have their conventional meaning within the chemical 

and biological arts. As used in this specification and the appended claims, the singular forms 

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

[0020] As used herein, "glucocorticoid receptor' ("GR") refers to the type II GR or nuclear 

15 receptor subfamily 3, group C, member 1 (NR3C1), which specifically binds to Cortisol 

and/or Cortisol analogs such as dexamethasone (See, e.g.. Turner & Miiller, J Mol Endocrinol 

October 1, 2005 35 283-292). The GR is also referred to as the Cortisol receptor. The term 

includes isoforms of GR, recombinant GR and mutated GR. 

[0021] "Glucocorticoid receptor antagonist" ("GRA") refers to any composition or 

20 compound which partially or completely inhibits (antagonizes) the binding of a 

glucocorticoid receptor (GR) agonist, such as Cortisol, or Cortisol analogs, synthetic or 

natural, to a GR. A "specific glucocorticoid receptor antagonist" refers to any composition or 

compound which inhibits any biological response associated with the binding of a GRto an 

agonist. By "specific," the drug preferentially binds to the GR rather than other nuclear 

25 receptors, such as mineralocorticoid receptor (MR), androgen receptor ( AR), or progesterone 

receptor (PR). It is preferred that the specific glucocorticoid receptor antagonist bind GR 

with an affinity that is 10-fold greater (1/10th the 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 preferred embodiment, the specific glucocorticoid receptor antagonist binds 

30 GR with an affinity that is 100-fold greater (1/100th the Kd 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. 

8 



WO 2016/187347 PCT/US2016/033143 

[0022] "Human subject" refers to a human primate. The human subject can be a person 

having, or suspected of having, Cushing's syndrome or a disease or condition that can be 

treated with a GRA. Similarly, "a patient in need of administration of a glucocorticoid 

receptor antagonist (GRA)" can be a person having or, or suspected of having, Cushing's 

5 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 Cushing'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 pituitary adenomas). For example the subject may have 

undergone transsphenoidal surgery to treat Cushing's disease. In some cases, the human 

subject previously treated with transsphenoidal surgery can be a subject that has undergone 

transsphenoidal surgery less than, or less than about, 20 days, 19 days, 18 days, 17 days, 16 

days, 15 days, 14 days, 13 days, 12 days, 11 days, 10 days, 9 days, 8 days, 7 days, 6 days, 5 

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

[0023] "Assessing a clinical or biochemical response to a glucocorticoid receptor 

antagonist (GRA)" refers to detecting or quantifying a response to an administered GRA. 

The clinical response can be an indication that the GRA is likely to be successful in treating a 

disease or condition, or successful in mitigating or ameliorating one or more symptoms of a 

20 disease or condition. The biochemical response can be an indication that the GRA is at a 

dose that is sufficient to alter, or significantly alter, the physiology of the subject to which the 

GRA is administered. The biochemical response can be an indication that the GRA is likely 

to be successful in treating a disease or condition, or successful in mitigating or ameliorating 

one or more symptoms of a disease or condition. The disease or condition can be, e.g., 

25 hypercortisolemia or Cushing's syndrome. 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 FKBP5 protein, 

or the expression level of a gene encoding FKBP5 protein, in response to administration of a 

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

30 [0024] "Assessing a clinical or biochemical response to administering a medical or surgical 

therapy for treatment of hypercortisolemia" and the like, refers to detecting or quantitating a 

response to the administered therapy. The clinical response can be an indication that the 

therapy is likely to be successful in treating the hypercortisolemia, or successful in mitigating 

9 
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or ameliorating one or more symptoms of the hypercortisolemia. The biochemical response 

can be an indication that the administered therapy has altered, or significantly altered, the 

physiology of the subject to which the therapy is administered. The biochemical response 

can be an indication that the therapy is likely to be successful in treating the 

5 hypercortisolemia, or successful in mitigating or ameliorating one or more symptoms ofthe 

hypercortisolemia. 

[0025] "Measuring an amount or activity of FKBP5 protein" refers to measuring the 

amount of FKBP5 protein or measuring the amount of an activity ofthe FKBP5 protein in a 

sample. The activity can be cis-trans prolyl isomerase activity, FK506 or rapamycin binding 

10 activity, GR binding activity, or chaperone activity (e.g., steroid hormone chaperone 

activity). 

[0026] "Measuring an expression level of a gene encoding FKBP5 protein" generally refers 

to measurement ofthe amount of mRNA encoding FKBP5 protein in a sample, or measuring 

the production of mRNA encoding FK6P5 protein in the sample. Methods for measuring 

15 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. 

[0027] "Primary' cells" refers to cells that have not been immortalized or passaged more 

than one time. Primary cells include human cells that have been taken directly from an 

individual without any subsequent culturing or division. 

20 [0028] "Sample" refers to a biological sample obtained from any tissue or organ of a 

human subject. The sample can be any cell or tissue sample from a human subject. Samples 

can be subject to various treatment, storage or processing procedures before being analyzed 

according to the methods described herein. Generally, the terms "sample" or "samples" are 

not intended to be limited by their source, origin, manner of procurement, treatment, 

25 processing, storage or analysis, or any modification. The biological sample can contain 

primary' cells originating from a human subject. The sample can contain an FKBP5 

polypeptide or portion thereof, a nucleic acid encoding an FKBP5 polypeptide or portion 

thereof, an amplification or reverse transcription product of a nucleic acid encoding an 

FKBP5 polypeptide or portion thereof, or combination of any two or more of the foregoing 

30 polypeptides, nucleic acids, amplification products, reverse transcription products, or portions 

thereof. 

10 
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[0029] "Whole blood" refers to blood collected from a human subject that is not subject to 

serum or plasma separation. "A fraction thereof'' in the context of such whole blood refers to 

any fraction of whole blood, such as plasma, serum, a leukocyte fraction, a red blood cel l 

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

5 [0030] "Control" or "control value" in the context of amount or activity of FKBP5 protein, 

expression levels of the FKBP5 gene, or a fold-change in FKBP5 amount, activity, or 

expression level, can refer to a level that is typically found in a subject under various clinical 

conditions. For example, the control value can be an amount typically found in a Cushing's 

patient. As another example, the control value can be an amount typically found in a healthy 

10 (e.g., non-Cushing's) patient. As another example, the control value can be a fold-change 

typically observed when a patient or cells of a patient are administered a GRA (e.g., at a 

typical dose), wherein the patient or cells of the patient 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 

15 GRA (e.g., at a typical dose), wherein the patient or cells of the patient that do not exhibit a 

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

[0031] 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 protein, or 

normalized against total protein or RNA (e.g., mRNA) levels as described herein. In some 

20 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 TOE INVENTION 

L Introduction 

25 [0032] The 51-kDa FK506 binding protein (FKBP51 or FKBP5) is part of the 

immunophilin family, a superfamily of highly conserved proteins first characterized by their 

ability to bind to immunosuppressant drugs (Barik, 2006; Baughman et al., 1995). In 

addition to their drug binding capabilities, some FK506 binding immunophilins are also 

protein chaperones, and have the related but apparently separate ability to isomerize proline 

30 residues (PPIase activity) (Bank, 2006). 

II 



WO 2016/187347 PCT/US2016/033143 

[0033] The FKBP5 protein is an hsp90 co-chaperone that interacts with steroid hormone 

receptors, including the glucocorticoid receptor (GR), the progesterone receptor, and the 

androgen receptor (O'Leary, 2013), It is one of the chaperones that maintains un-liganded 

GR in the cytoplasm, thus reducing the affinity of GR for Cortisol and reducing translocation 

5 of GR to the nucleus. Proline cis-trans isomerization is important for proper protein folding, 

but deletion of the N-terminal PPIase domain had little effect on the efficacy of the FKBP5 

protein as a chaperone. It appears that the binding activity of the FKBP5 protein may be 

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

[0034] FKBP5 gene expression is induced by glucocorticoids (including Cortisol) as part, of 

10 an intracellular ultrashort negative feedback loop for GR activity (Vermeer, 2003). This 

induction is mediated by GR (Vermeer, 2003; Caldwell 2010). Chronic administration of 

corticosterone to mice, also results in elevated FKBP5 gene expression (Lee, 2010; Ewald, 

2014). 

[0035] Overexpression of F.K.6P5 in vitro reduces glucocorticoid binding affinity and 

15 nuclear translocation of GR. Naturally occurring over-expression of FKBP5 causes GR 

resistance in New World monkeys (Scammell, 2001), which is accompanied by increased 

Cortisol levels. A role for FKBP5 in bone destruction, the development of osteoporosis in 

rheumatoid arthritis, and in glucocorticoid induced osteoporosis has been suggested (Kimura, 

2013). Overexpression of FKBP5 in vivo in a rTg45 10 tau transgenic mouse model resulted 

20 in an increase in the level of phosphorylated tau and was associated with neuronal loss (Blair, 

20.13), In humans, overexpression of FKBP5 has been associated with. Alzheimer's disease 

(Blair, 2013). 

[0036] Polymorphisms of FKBP5 have been linked with several diseases, including 

depression (Binder 2004), post-traumatic stress disorder (Binder 2008), mood disorders 

25 (Binder 2009) and bipolar disorder (Willour, 2009). FKBP5 polymorphisms have also been 

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

[0037] Yang et ai demonstrated that fasting induces FKBP5 gene expression in the 

hypothalamus in mice and rats, Overexpression of the FKBP5 gene in mice on a high fat diet 

resulted in persistent elevated body weight and impaired glucose tolerance, suggesting that 

30 elevated FKBP5 expression and/or elevated FKBP5 protein levels or activity promotes an 

obese phenotype. 
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[0038] A recent study by Pereira et al (Metabolism, 2014) demonstrates that the FKBP5 

gene is regulated by dexamethasone in human subcutaneous and omental adipose tissue. 

FKBP5 is among the top genes stimulated by the GR agonist dexamethasone. The authors 

also report that FKBP5 expression in adipose tissue is correlated with markers of insulin 

5 resistance. In addition, SNPs in die FKBP5 region were associated with type 2 diabetes and 

diabetes-related traits. 

a. Treatment of diseases with a glucocorticoid receptor antagonist (GRA) 

[0039] The GR is involved in a wide variety of diseases or conditions. In some cases, 

antagonizing GR activity or signaling (e.g., by administration of a glucocorticoid receptor 

10 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 disease 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 

15 responsive to GRA treatment (e.g., in combination with one or more chemotherapeutics), not 

all such breast cancer cells are so responsive. Similarly, some diseases or conditions caused 

by or associated with elevated levels of Cortisol exhibit variable treatment efficacy by-

administration of one or more GRAs. In some cases, identification of a clinical or 

biochemical response to the GRA can indicate that the GRA treatment should be continued. 

20 In some cases, a lack of a clinical or biochemical response can indicate that a different 

treatment (e.g., administration of a different GRA or administration ofthe same GRA at a 

higher dose) is indicated. Such responsiveness can vary from subject to subject, cell to cell, 

tissue to tissue, or during the course of a subject's disease progression. Thus there is a need 

for alternative methods for assessing a clinical or biochemical response to a GRA in a human 

25 subject. 

[0040] Accordingly, described herein are methods of detecting or assessing a clinical or a 

biochemical response to administration of a glucocorticoid receptor antagonist (GRA) for 

treatment of a disease or condition. The methods for detecting or assessing a clinical or 

biochemical response to a GRA described herein involve detection of: (i) the activity or 

30 amount of FKBP5 protein; or (ii) the expression level of a gene encoding die FKBP5 protein 

(e.g., the absolute or relative amount of FKBP5 mRNA), in one or more provided samples 

from a human subject. 
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[0041] In some cases, the methods described herein involve detection of, or detection of a 

change in,: (i) the activity or amount of FKBP5 protein; or (ii) the expression level of a gene 

encoding the FKBP5 protein (e.g., the absolute or relative amount of FKBP5 mRNA), in a 

subject. Such a change can be detected by determining the activity or amount of FKBP5 

5 protein, or the expression level of a gene encoding FKBP5, 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 

administering a GRA, and the second sample can be provided or obtained from the subject 

after one or more steps of administering a GRA. 

10 b. Cushing's syndrome 

[0042] Also described herein are methods of diagnosing Cushing's syndrome. Cushing's 

syndrome is a condition caused by the excessive production of the glucocorticoid Cortisol by 

the adrenal cortex. Hie condition is often due to the presence of a tumor or hyperplasia that 

exhibits unregulated secretion of adrenocortico tropic hormone (ACTH). The unregulated 

15 secretion of ACTH in turn induces the adrenal glands to secrete excess Cortisol. Cortisol 

generally participates in a negative feedback loop, in which high levels of Cortisol suppress 

secretion of both ACTH and Cortisol. However, in Cushing's syndrome, this negative 

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

[0043] Cushing's syndrome can be diagnosed in a variety of ways. One method of 

20 diagnosis is known as the dexamethasone suppression test (DST). In tins test, the 

glucocorticoid receptor agonist dexamethasone is administered to a patient and Cortisol levels 

are measured after administration. The agonist can be administered in a low dose (e.g., 1-2 

mg) to measure effects of a low dose on Cortisol levels. In some cases, a high dose is also 

administered (e.g., 8 mg) to measure the effects of a high dose on Cortisol levels. Moreover, 

25 ACTH levels can be determined prior to administration of dexamethasone for additional 

information. The presence of a low ACTH level and a Cortisol level that is not suppressed by 

high or low dose dexamethasone indicates primary hypercortisolemia caused by, e.g., Cortisol 

secreting adenoma tumors in the adrenal cortex. This type of Cushing's syndrome is not 

typically subject to ACTH or Cortisol regulation. 

30 [0044] The Cortisol cut off for the DST has been a moving target. Currently the endocrine 

society recommends a cut off of 1.8 p.g/dl and, the AACE guidelines recently decreased the 

cut off to 3 fig/dl (pre viously it w as higher at 5 fig/dl). Endocrine societies in other countries 
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use different cut offs. Thus, there is no general consensus of the most appropriate cut off to 

use. Moreover, the DST has high sensitivity but low specificity, therefore current guidelines 

for the diagnosis of Cushing's syndrome (CS) require at least 2 confirmatory tests (e.g., a 

DST and confirmation by an alternative diagnostic method), 

5 [0045] In addition, the false positive rate of the 1 mg DST is high in certain populations 

(severe insulin resistance, fatty liver disease, PCOS etc., see "The Diagnosis of Cushing's 

Syndrome: An Endocrine Society Clinical Practice Guideline (2008), published as J. Clin. 

Endocrin. & Metab., May 2008, 93(5): 1526-40.). Also medications that affect the metabolism 

of dexamethasone can influence the test (see guidelines from the Endocrine Society). Another 

10 important limitation for the 1 mg DST is the fact that 10-15 % of confirmed Cushing's 

disease (CD) cases drop below the 2 ng/dl cut off with the 1 mg DST (Findling et ai, J. Clin. 

Endocrinol. Met., 2004, 89:1222-1226) and thus would not be diagnosed by this test. 

Moreover, there is no consensus about the best diagnostic criterion for milder forms of 

Cushing's, especially adrenal Cushing's (see Endocrine Society guidelines, under adrenal 

15 incidentalomas). 

[0046] An alternative to the dexamethasone suppression test (DST) is the 24 hours urine 

free Cortisol (UFC) test. However, the UFC test has very low sensitivity in mild forms of CS. 

In addition the quality of the current assays is poor (see Raff et al. J. Clin. Endocrinol. Met., 

2015, 100:395-397). It is a useful test for overt cases of CS, but there are often false negative 

20 results even in full blown cases, which can complicate the diagnostic process and delay the 

diagnosis. In addition, in cases of cyclical CS the diagnosis of CS can be missed if the test is 

done when the tumor is less active. 

[0047] Another alternative to the DST is based on midnight salivary Cortisol levels. This 

test also is less sensitive in milder forms of CS. It can be useful to diagnose early relapse of 

25 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 inappropriate 

sample collection is frequently a confounding factor, 

[0048] It is also possible to distinguish between Cushing's disease and Cushing's syndrome 

by administration of desmopressin or CRH. CRH can be useful in the differential diagnosis 

30 of Cushing's syndrome, because most patients with Cushing's disease respond to CRH, while 

those with other types of Cushing's syndrome generally 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 yield an undesirable number of false positives and 

false negatives. 

[0049] Accordingly, the present inventors have developed an improved method for 

5 diagnosing Cushing's syndrome. The method can include detecting: (i) the activity or 

amount of FKBP5 protein; or (ii) the expression level of a gene encoding the FKBP5 protein, 

in one or more samples from a human subject. 

II. Methods 

a. Assessing a clinical or a biochemical response to a GRA or to a medical or 

10 surgical therapy for treatment of hypercortisolemia 

[0050] Described herein is a method for assessing a clinical or a biochemical response to a 

glucocorticoid 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 

15 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 ofthe methods 

described herein. In some cases, a positive indication of a clinical or biochemical response, 

or an indication of a strong clinical or biochemical response, to the GRA can then predict a 

positive clinical outcome, an increased likelihood of a positive clinical outcome, or suggest 

2.0 continuation of GRA admini stration. In some cases, a negative indication of a clinical or 

biochemical response, or a lack 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 indication of a clinical response or a biochemical response, or a lack 

25 of a strong clinical or biochemical response, can suggest a need for additional or alternative 

treatments. 

[0051] The method for assessing a clinical or biochemical response to a glucocorticoid 

receptor antagonist (GRA) in a human subject can include: a) measuring a first amount, or 

activity of FKBP5 protein or a first expression level of a gene encoding FKBP5 protein in a 

30 first sample from the subject, wherein i) the first sample comprises primary cells; and ii) the 

first sample is obtained before administering the GRA to the subject; b) optionally 

administering the GRA to the subject; c) measuring a second amount or activity of FKBP5 
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protein or a second expression level of a gene encoding FKBP5 protein in a second sample 

from the subject, wherein: i) the second sample comprises primary cells: and ii) the second 

sample is obtained after administering the GRA to the subject; and d) comparing the first and 

second amounts, activities, or expression levels, wherein a reduction in the amount or activity 

5 of FKBP5 protein or a reduction in the expression level of the gene encoding FKBP5 protein 

in the second sample indicates the response to the GRA. 

[0052] In some cases, the subject has received one or more doses of a GRA prior to the 

obtaining of a first sample. For example, the subject may be undergoing GRA therapy, or 

may have previously undergone GRA therapy. Thus, in some cases, the pre-GRA 

10 administration sample may be obtained a suitable period of time after a GRA administration 

to allow for measurement of baseline FKBP5 levels that are unaffected by the presence of a 

GRA. Thus, in some cases, the first sample, which is obtained prior to administering the 

GRA to the subject, is obtained at least 4, 5, 6, 7, 8, 9, 10, 12, 16, 18, or 24 hours after a 

previous GRA administration, or at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 

15 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, or 31 days after a previous GRA 

administration. A suitable period of time between a previous administration of a GRA and 

obtaining a first sample can be determined based on the pharmacokinetics of a previously 

administered GRA. In some cases, a suitable period of time is a length of time sufficient for 

the GRA to be completely removed from, the subject. In some cases, a suitable period of time 

20 is a length of time sufficient for the GRA to have no or minimal effect on FKBP5 levels (e.g., 

amount or activity of FKBP5 protein or mRNA levels). 

[0053] In some cases, the subject is administered multiple doses of a GRA between the 

obtaining ofthe first sample and the obtaining of the second sample. In some cases, the 

subject is administered, or is administered at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 

25 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, die subject is administered a GRA, 

and the second sample is obtained after a period of time suitable to allow for downregulation 

of FKBP5. For example, the second sample can be obtained at least 0.5, 1, 2, 4, 6, 8, 10, 12, 

16, 20, or 24 hours after GRA administration. In other cases, the second sample can be 

30 obtained between doses of a multiple GRA dosage schedule. In yet other cases, the second 

sample is obtained immediately prior, immediately after, or during one or more GRA 

administrations. In any case, the second sample is obtained after at least one dose of GRA 

has been administered to the subject. 
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[0054] 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 hypercortisolemia. The method can be useful, e.g., for confirming the efficacy of a 

treatment modality, monitoring treatment outcomes, or guiding treatment decisions. For 

5 example, if a patient presents with hypercortisolemia, then a medical or surgical therapy can 

be administered, and the clinical response to the medical or surgical therapy can be assessed 

using one or more of the methods described herein. In some cases, a positive indication of a 

clinical or biochemical response, or an indication of a strong clinical or biochemical 

response, to the medical or surgical therapy can then predict a positive clinical outcome, an 

10 increased likelihood of a positive clinical outcome, or suggest continuation of the medical or 

surgical therapy. In some cases, a negative indication of a clinical or biochemical response, 

or a lack 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 or additional doses of a medical therapy, or administration of an alternative 

15 medical or surgical therapy. In some cases, a negative indication of a clinical response or a 

biochemical response, or a lack of a strong clinical or biochemical response, can suggest a 

need for additional or alternative treatments. 

[0055] The method for assessing a clinical or biochemical response to a medical or surgical 

therapy for hypercortisolemia in a human subject can include: a) measuring a first amount, or 

20 activity of FKBP5 protein or a first expression level of a gene encoding FKBP5 protein in a 

first sample from the subject, wherein i) the first sample comprises primary cells: and ii) the 

first sample is obtained before administering the medical or surgical therapy to the subject; b) 

optionally administering the medical or surgical therapy to the subject; c) measuring a second 

amount or activity of FKBP5 protein or a second expression level of a gene encoding FKBP5 

25 protein in a second sample from the subject, wherein: i) the second sample comprises primary-

cells; and ii) 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 FKBP5 protein or a reduction in the 

expression level of the gene encoding FKBP5 protein in the second sample indicates the 

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

[0056] In some cases, the medical or surgical therapy includes administering an inhibitor of 

steroidogenesis. Exemplary inhibitors of steroidogenesis include, but are not limited to, 

aminogiutethimide, cholesterol sulfate, ketoconazole, levoketoconazole, metyrapone, 
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LCI699, mitotane, 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 agonists include, hut are not limited to, bromocriptine, and 

5 cabergoline. Exemplar}' 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, unilateral adrenalectomy, or bilateral adrenalectomy. In some 

10 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-pituitary ACTH-secreting tumor. In 

some cases, the medical or surgical therapy is or includes treatment with a peptide receptor 

radionuclide therapy (e.g., Y-90 or Lu-177 labeled octreotide). In some cases, the medical or 

surgical therapy is or includes a combination of any two or more of the foregoing medical or 

15 surgical therapies. In some cases, the combination is a combination of two or more medical 

therapies. In some cases, the combination is a combination of two or more surgical therapies. 

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

[0057] In some cases, the subject has 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 

20 undergoing GRA therapy, or may have previously undergone GRA therapy. Thus, in some 

cases, the pre-medical therapy administration sample may be obtained a suitable period of 

time after a medical therapy administration to allow for measurement of baseline FKBP5 

levels that are unaffected by the presence of the medical therapy. Thus, in some cases, the 

first sample, which is obtained prior to administering the medical therapy to the subject, is 

25 obtained at least 4, 5, 6, 7, 8, 9, 10, 12, 16, 18, or 24 hours after a previous medical therapy 

administration, or at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 

22, 23, 24, 25, 26, 27, 28, 29, 30, or 31 days after a previous medical therapy administration. 

A suitable period of time between a previous administration of a medical therapy and 

obtaining a fi rst sample can be determined based on the pharmacokinetics of a previously 

30 administered medical therapy. In some cases, a suitable period of time is a length of time 

sufficient for the medical therapy to be completely removed from the subject. In some cases, 

a suitable period of time is a length of time sufficient for the medical therapy to have no or 

minimal effect on FKBP5 levels (e.g., amount or activity of FKBP5 protein or mRNA levels). 
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[0058] In some cases, the subject is administered multiple doses of a medical therapy 

between the obtaining ofthe first sample and the obtaining ofthe second sample. In some 

cases, the subject is administered, or is administered 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 

5 sample and the obtaining ofthe second sample. In some cases, the subject is administered a 

medical therapy, and the second sample is obtained after a period of time suitable to allow for 

downregulation of FKBP5 expression, amount, or activity. For example, the second sample 

can be obtained at least 0.5, 1, 2, 4, 6, 8, 10, 12, 16, 20, or 24 hours after administration of the 

medical therapy. In other cases, the second sample can be obtained between doses of a 

10 multiple dosage schedule. In yet other cases, the second sample is obtained immediately 

prior, immediately after, or during one or more administrations of a medical therapy. In any 

case, the second sample is obtained after at least one dose of a medical therapy has been 

administered to the subject. 

L Sample extraction, preparation, and analysis 

15 [0059] The sample can be obtained by any means known in the art. For example, the 

sample can be obtained by collecting a blood sample (e.g., a sample of whole blood or a 

fraction thereof). Alternatively, the sample can be obtained by scraping epithelial cells (e.g., 

nasal epithelial cells) of a subject. Samples include, but are not limited to samples of human 

cells and tissues, such as blood samples, cerebrospinal fluid samples, synovial tissue samples, 

20 synovial fluid samples, brain tissue samples, blood vessel samples, or tumor samples, 

[0060] 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 example, in human subjects 

suffering from, a type of cancer that can be treated with a GRA. (e.g., a GRA in combination 

25 with a chemotherapeutic), a sample containing primary tumor cells can be obtained and 

assayed as described herein. Such cancers include, but are not limited to, breast cancer, triple 

negative breast cancer, prostate cancer, metastatic prostate cancer, androgen resistant prostate 

cancer, and ovarian cancer. In some cases, the sample can be provided by obtaining cells of a 

subject suffering from hypercortisolemia. In some cases, the sample can be provided by 

30 obtaining cells of a tissue or organ affected by hypercortisolemia. In some cases, the sample 

can be provided by obtaining cells of a subject suffering from or suspected 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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[0061] The sample can be extracted to obtain FKBP5 protein, or FKBP5 nucleic acid. For 

example, cells can be lysed, and the protein fraction obtained. In some cases, the lysate is 

further fractionated to purify a specified cellular compartment. For example, the cell lysate 

can be fractionated to obtain a cytosolic protein fraction. As another example, the cell lysate 

5 can be fractionated to obtain a nuclear or nucleolar protein fraction. The protein fraction can 

be assayed for FKBP5 protein levels or activity. Alternatively, the cells can be lysed, and a 

nucleic acid (e.g., mRNA) fraction obtained. The nucleic acid fraction can be assayed for 

expression of the gene encoding FKBP5. For example, the expression can be assayed by 

quantitative amplification (e.g., qPCR), or reverse transcription and subsequent quantitative 

10 amplification (e.g., RT-qPCR). 

[0062] The cell lysate, or protein fraction thereof, can be purified using a variety of 

methods to obtain a fraction enriched for FKBP5 protein, or a portion thereof. For example, 

cells can be lysed and contacted with a chromatography medium under conditions suitable to 

preferentially bind contaminants or target protein. Where contaminants are preferentially 

15 bound, target protein can be collected as a flow through fraction and assayed further Where 

target protein is bound, the chromatography medium can be washed and the target protein 

eluted. 

[0063] As another example, cells can be lysed and contacted with a capture reagent (e.g., a 

capture antibody or aptamer) that specifically binds to the FKBP5 protein, or a portion 

20 thereof. Ihe capture reagent can be immobilized on a solid support. In some cases, the 

FKBP5 protein or portion thereof can be eluted from, the capture reagent and then detected or 

quantified. In other cases, the FKBP5 protein or portion thereof can be detected or quantified 

as a capture reagent-bound form. 

[0064] Similarly, the cell lysate, or nucleic acid fraction thereof can be purified using a 

25 variety of methods to obtain a fraction enriched for a transcript of a gene encoding FKBP5. 

For example, cells can be lysed and nucleic acids can be precipitated or otherwise purified 

from the lysate. In some cases, the nucleic acids can be purified by contacting the sample, or 

a fraction thereof, with a surface immobilized oligodT moiety to preferentially bind 

polyadenylated mRNA. 

30 [0065] Nucleic acids can be subject to amplification, hybridization, polymerization, reverse 

transcription, or a combination thereof, in some cases, the amplification, hybridization, 

polymerization, or reverse transcription is target specific such that the gene encoding FKBP5, 

21 



WO 2016/187347 PCT/US2016/033143 

a transcript thereof, or a portion thereof is specifically amplified, hybridized, or reverse 

transcribed. In some cases, the amplification, hybridization, polymerization, or reverse 

transcription is not target specific such that the sample is subject to whole genome or whole 

transcriptome hybridization, polymerization, or reverse transcription. Whole genome or 

5 other non-specific hybridization, polymerization, or reverse transcription can be performed 

with the use of one or more degenerate primers or probes. After non-specific hybridization, 

polymerization, or reverse transcription, the gene encoding FKBP5 can be detected and/or 

quantified. 

[0066] The amount or activity of FKBP5 polypeptide, or a portion thereof, can be 

10 measured by a variety of methods known in the art. For example, an ELISA (e.g., sandwich 

ELISA) can be used to measure polypeptide levels in a sample, or a protein extract thereof, 

using one or more antibodies specific for the FKBP5 protein, or a portion thereof. In some 

cases, the ELISA is a sandwich ELISA, in which FKBP5 polypeptide, or a portion thereof, is 

immobilized by binding to an immobilized capture reagent (e.g., capture antibody or 

15 aptamer), and the immobilized polypeptide or portion thereof is detected with a detection 

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

[0067] As another example, activity of the FKBP5 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 FKBP5 -mediated cis-trans prolyl isomerase activity ofthe 

20 sample. In some cases, the isomerization of the substrate can be measured using an cis-trans 

proline isomer sensitive enzyme, such as a protease. For example chymotrypsin, which has a 

high substrate specificity and catalytic efficiency (kcat/Km) against peptide substrates having 

a trans-prolme 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 

25 P2, can be used to measure prolyl isomerase activity. For instance, an N-succiny]-Ala-Leu-

c/s-Pro-Phe-p-mtroanilide substrate can be used in combination with chymotrypsin, which 

preferably cleaves the trans prolyl isomer of the substrate to assay a sample or extract thereof 

for FKBP5 prolyl isomerase activity. The production of the trans isomer ofthe substrate by 

isomerase activity ofthe FKBP5 or portion thereof can be measured by detecting the 

30 digestion ofthe nitroanilide substrate by the chymotrypsin as described, e.g., in Fischer et al. 

Nature. 1989 Feb 2;337(6206):476-8. 
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[0068] As another example, activity of the FKBP5 polypeptide, or a portion thereof, can be 

detected or quantified by measuring the amount of FKBP5 protein bound to glucocorticoid 

receptor (GR) in the sample. This can be performed, e.g., by purifying GR or FKBP5 protein 

under conditions suitable to preserve binding between GR and FKBP5 protein. The 

5 purification product can then be assayed for the presence, absence, or quantity of the cognate 

binding partner. For example, cytosolic GR can be purified and the presence of FKBP5 

protein detected in the purification product. As another example, FKBP5 protein can be 

purified and the presence of GR can be detected in the purification product. In some cases, 

this can be performed using a sandwich ELISA-type assay in which the immobilized capture 

10 reagent recognizes one member of the GR:FKBP5 protein complex and the detection reagent 

recognizes the other member of the GR:FKBP5 protein complex. 

[0069] As another example, expression of a gene encoding FKBP5 can be measured by 

reverse transcription of FKBP5 mRNA, or a portion thereof, and quantitative amplification of 

die reverse transcription product or a portion thereof. The quantitative amplification can be 

15 performed using PCR (e.g., real time PCR) or other amplification techniques known in the 

art. The amplification can be detected by, e.g., detecting incorporation of an intercalating dye 

into the amplification product, degradation of a quenched fluorescence hydrolysis probe, or 

binding of quenched molecular beacon. 

[0070] Any measured amount or activity or expression level in a sample can be normalized 

20 to a reference. 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, GAPDH, hypoxanthine phosphoribosyltransferase 1 (HRPT1), ribosomal 

protein large PI, or another housekeeping gene. As another example, FKBP5 protein amount 

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

25 reference gene products include, but are not limited to, actin, tubulin, COX IV, HRPT1, 

GAPDH, or another housekeeping gene product. 

ii. Comparing FKBP5 amount activity or expression 

[0071] In some embodiments, the amount or activity of FKBP5 or the expression level of a 

gene encoding FK6P5 protein after administration of a GRA is quantified from a sample 

30 obtained after administration of one or more doses of the GRA and compared to a control or 

threshold value rather than a pre-GRA administration value. In some cases, the control or 

direshold value is a positive control or threshold value that indicates a biochemical or clinical 
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response, or a strong biochemical or clinical response to the GRA in the tissue, organ, or cell-

type subject to the assay. Thus in such cases, a quantified amount, activity, or expression 

level that is near, equal to, or below the positive control or threshold value can indicate a 

biochemical or clinical response or a strong biochemical or clinical response to the GRA. In 

5 contrast, a quantified amount, activity, or expression level that is above, or significantly 

above, the positive control or threshold value can indicate a lack of a biochemical or clinical 

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

[0072] In some cases, the quantified amount, activity, expression that indicates a 

biochemical or clinical response to the GRA is equal to about, or less than about, 25%, 30%, 

10 40%, 50%, 75%, 100%, 110%, 125%, or 150% ofthe 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-

fbld, 3-fold, 4-fold, 5-fold, 7.5-fold, 10-fold, 12-fold, 15-fold, 20-fold, 25-fold, 30-fold, 40-

fold, or 50-fold multiple ofthe positive control or threshold value. 

15 [0073] Tn some cases, the control or threshold value is a negative control or threshold value 

that indicates a lack of a response (e.g., biochemical or clinical) to a 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 is below the negative control or threshold 

value (e.g., significantly below) can indicate a clinical or biochemical response or a strong 

20 clinical or biochemical response to the GRA. In contrast, a quantified amount, activity, or 

expression level that is near, equal to, or above the negative control or threshold value can 

indicate a lack of a clinical 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 or a 

25 biochemical response to the GRA is equal to about or less than about 0.25%, 0.5%, 1%, 5%, 

7.5%, 10%, 12.5%, 15%, 17.5%, 20%, 25%, 30%, 40%, or 50% ofthe negative control or 

threshold value. In some cases, the quantified amount, activity, or expression that indicates a 

lack of a clinical response or a lack of a biochemical response to the GRA is at least about 

75%, 100%, 110%, 125%, 150%, 200%, 300%, or 400% of the negative control or threshold 

30 value. 

[0074] In some embodiments, the amount or activity of FKBP5 protein or the expression 

level of a gene encoding FKBP5 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 prior to administration of one or more doses ofthe GRA. 

A quantified post-administration amount activity or expression level that is below the pre-

administration value can indicate a clinical response, a biochemical response, a strong clinical 

5 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-

administation value can indicate a lack of a clinical response, a lack of a biochemical 

response, a lack of a strong biochemical response, or a lack of a strong clinical response to 

the GRA. In some cases, when the post-GRA administration value is greater than the pre-

10 GRA administration value, progression of the disease or condition in the human subject is 

indicated. In some cases, when the post-GRA administration value is less than the pre-GRA 

administration value, improvement of the disease or condition in the human subject is 

indicated. 

[0075] The provided pre-GRA administration sample can be taken at any time prior to 

15 administration of a GRA, including but not limited to, immediately before GRA 

administration; at least about 1, 2, 3, 4, 6, 7, 8, 10, 15, 20, 25, 30, 45, 50, 60, 80, or 90 

minutes before GRA administration; at least about 2, 3, 4, 5, 6, 7, 8, 10, 12, 14, 16, 18, 20, or 

22 hours before GRA administration; at least about I, 2, 3, 4, 5, or 6 days before GRA 

administration; or at least about 1, 1.5, 2, 3, or 4 weeks before GRA administration. In some 

20 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 to 

6 hours prior to administration of the GRA. 

[0076] The provided post-GRA administration 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 FKBP5 

25 amount or activity, or a change in expression of a gene encoding FKBP5. In some cases, the 

time is selected to achieve a maximum possible response (e.g., clinical or biochemical 

response) to GRA administration. In some cases, the delay between administration of the 

GRA and obtaining of the post-GRA administration sample is at least about 1, 2, 3, 4, 5, 6, 7, 

8, 9, 10, 11, 12, 13, 15, 20, 25, 30, 40, or 50 minutes; 1, 2, 3, 4, 5, 6, 7, 8, 10, 12, 14, 15, 16, 

30 18, 20, or 22 hours; 1, 2, 3, 4, 5, or 6 days; or I, 2, 3, or 4 weeks. 

[0077] The provided post-GRA administration sample can be taken after multiple 

administrations of one or more GRAs. For example, one or more GRAs can be administered 
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to a human subject in need thereof for a period of days (e.g., 1, 2, 3, 4, 5, or 6 days) or weeks 

(e.g., 1, 2, 3, 4, or 5 weeks) and then apost-admimstration sample obtained and analyzed for 

FKBP5 protein amount or activity or FKBP5 gene expression to assess a clinical response to 

the GRA or to assess a biochemical response to the GRA, 

5 [0078] In some cases, the quantified post-GRA administration amount, activity', or 

expression that indicates a clinical or biochemical response to the GRA is less than about, 

300%, 250%, 200%, 150%, 100%, 75%, 50%, 40%, 30%, 25%, 20%, 15%, 10%, 7.5%, 5%, 

2.5%, 2%, 1.5%, or 1% ofthe pre-GRA administration value. In some cases, the quantified 

post-GRA administration amount activity or expression that indicates a lack of a clinical or 

10 biochemical response to the GRA is equal to about or above about 75%, 80%, 85%, 90%, 

100%, 110%, 120%, 125%, 150%, or 200% ofthe pre-GRA administration value. 

[0079] 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 ofthe 

subject. In some cases, cancer cells are obtained from a subject and assayed for FK6P5 

15 amount or activity or the expression level of a gene encoding FKBP5, In some cases, a high 

level of FKBP5 relative to a control may suggest that the ceils express a high level of GR and 

GRA therapy may be indicated. In some cases, a low level of FKBP5 relative to a control 

may suggest that the cells express a low level of GR and GRA therapy is not indicated. In 

some cases, a low level of FKBP5 relative to a control may suggest that the FKBP5 feedback 

20 mechanism is inoperative, and thus GRA therapy may be indicated. In some cases, a 

reduction in FKBP5 in tumor cells after administration of GRA as compared to a pre-

administration value can suggest that GRA therapy is indicated. 

[0080] Similarly, FKBP5 amount, activity, or expression level can be assessed in 

combination with GR amount, activity, or expression level. In some cases, low GR amount, 

25 activity, or expression level and low FKBP5 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 FKBP5 amount, activity, or expression 

level can indicate that GRA therapy can be beneficial for this cancer type, cell, or tumor. In 

some cases, high GR amount, activity, or expression level and low FK6P5 amount, activity, 

30 or expression level can indicate a defective Cortisol counter regulation mechanism and GRA 

therapy can be a beneficial treatment. 
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[0081] In some cases, FKBP5 levels can be detected in tumor celis that have been extracted 

from a patient and cultured in vitro. For example, a sample containing tumor ceils can be 

obtained, a portion of the sample assayed for FKBP5 (protein or expression), and a GRA 

administered to a different portion of the sample. The GRA administered sample can be 

5 assayed for FKBP5 protein amount, or activity, or FKBP5 gene expression and compared to 

the pre-administration value. 

[0082] In some cases, FKBP5 levels can be determined after transsphenoidal surgery to 

detect relapse or remission of Cushing's syndrome. For example, FKBP5 can be measured in 

samples obtained before and after transsphenoidal surgery. Additionally or alternatively, 

10 FKBP5 can be detected in samples obtained at several time points after transsphenoidal 

surgery. For example, FKBP5 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 FKBP5 relative to a control can indicate that the 

subject is exhibiting remission of Cushing's syndrome or is not exhibiting early relapse of 

15 Cushing's syndrome. In some cases, a decrease in FKBP5 as compared to the value detected 

in a sample obtained prior to transsphenoidal surgery indicates that the subject is exhibiting 

remission of Cushing's syndrome or is not exhibiting early relapse of Cushing's syndrome. 

In some cases, a stable or decreasing value of FKBP5 in samples taken at multiple time 

points after transsphenoidal surgery indicates that the subject is exhibiting remission of 

20 Cushing's syndrome or is not exhibiting early relapse of Cushing's syndrome. 

[0083] In some embodiments, in the absence of a detected reduction in the amount or 

activity of FKBP5 protein or expression of the gene encoding FKBP5 protein after 

administration ofthe GRA and relative to a pre-GRA administration or control value, the 

method comprises administering an increased amount of GRA to the subject, or 

25 administering 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 FKBP5 protein or expression ofthe gene encoding FKBP5 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 

30 administering an alternative GRA to the subject, or a combination thereof. 

[0084] In some embodiments, the amount or activity of FKBP5 or the expression level of a 

gene encoding FKBP5 protein after administration of a medical (e.g., GRA) or surgical 
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therapy for treatment of hypercortisolemia is quantified from a provided sample obtained 

after administration of one or more doses of a medical therapy for treatment of 

hypercortisolemia and compared to a control or threshold value rather than a pre-

administration value. In some cases, the control or threshold value is a positive control or 

5 threshold value that indicates a biochemical or clinical response, or a strong biochemical or 

clinical response to the medical or surgical therapy in the tissue, organ, or cell-type subject to 

the assay. Thus in such cases, a quantified amount, activity, or expression level that is near, 

equal to, or below the positive control or threshold value can indicate a biochemical or 

clinical response or a strong biochemical or clinical response to the medical or surgical 

10 therapy for treatment of hypercortisolemia. In contrast, a quantified amount, activity, or 

expression level that is above, or significantly above, the positive control or threshold value 

can indicate a lack of a biochemical or clinical response, or a lack of a strong biochemical or 

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

[0085] In some cases, the quantified amount, activity, expression that indicates a 

15 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 hypercortisolemia is equal to, 

20 about, or above about a 2-fold, 2,5-fold, 3-fold, 4-fold, 5-fold, 7.5-fold, 10-fold, 12-fold, 15-

fold, 20-fold, 25-fold, 30-fold, 40-fold, or 50-fold multiple ofthe positive control or threshold 

value, 

[0086] In some cases, the control or threshold value is a negative control or threshold value 

that indicates a lack of a response (e.g., biochemical or clinical) to a medical or surgical 

25 therapy for treatment of hypercortisolemia or a value that is typically obtained without, or 

prior to, administration of a medical or surgical therapy for treatment of hypercortisolemia. 

Thus in such cases, a quantified amount, activity, or expression level that is below the 

negative control or threshold value (e.g., significantly below) can indicate a clinical or 

biochemical response or a strong clinical or biochemical response to the medical or surgical 

30 therapy for treatment of hypercortisolemia. In contrast, a quantified amount, activity, or 

expression level that is near, equal to, or above the negative control or threshold value can 

indicate a lack of a clinical response, a lack of biochemical response, a lack of a strong 

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

28 
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therapy for treatment of hypercortisolemia. In some cases, the quantified amount, activity, or 

expression that indicates a clinical response to the medical or surgical therapy for treatment 

of hypercortisolemia or a biochemical response to the medical or surgical therapy for 

treatment of hypercortisolemia is equal to, about, or less than about 0.25%, 0.5%, 1%, 5%, 

5 7.5%, 10%, 12.5%, 15%, 17.5%, 20%, 25%, 30%, 40%, or 50% of the negative control or 

threshold value. In some cases, the quantified amount, activity, or expression that indicates a 

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

10 [0087] In some embodiments, the amount or activity of FKBP5 protein or the expression 

le vel of a gene encoding FKBP5 after administration of a medical therapy for treatment of 

hypercortisolemia is quantified from a sample obtained after administration of one or more 

doses of the medical therapy for treatment of hypercortisolemia and compared to a value 

quantified from a sample obtained prior to administration of one or more doses ofthe medical 

15 therapy for treatment of hypercortisolemia. A quantified post-administration amount activity 

or expression level that is below the pre-administration value can indicate a clinical response, 

a biochemical response, a strong clinical response, or a strong biochemical response to the 

medical therapy for treatment of hypercortisolemia. In contrast, a quantified post-

administration amount activity or expression level that is near or equal to the pre-

20 administration value can indicate a lack of a clinical response, a lack of a biochemical 

response, a lack of a strong biochemical response, or a lack of a strong clinical response to 

the medical therapy for treatment of hypercortisolemia, in some cases, when the post-

administration value is greater than the pre-administration value, progression of the 

hypercortisolemia condition in the human subject is indicated. In some cases, when the post-

25 administration value is less than the pre-administration value, improvement of the 

hypercortisolemia condition in the human subject is indicated. 

[0088] Ihe pre-administration sample can be taken at any time prior to administration of a 

medical or surgical therapy for treatment of hypercortisolemia, including but not limited to, 

immediately before therapy administration; at least about 1, 2, 3, 4, 6, 7, 8, 10, 15, 20, 25, 30, 

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 administration; 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. 

[0089] The post-therapv administration sample can be taken after a time suitable to allow 

the activity of the therapy to manifest in a change (e.g., a detectable change) in FKBP5 

5 amount or activity, or a change in expression of a gene encoding FKBP5. In some cases, the 

time is selected to achieve a maximum possible response (e.g., clinical or biochemical 

response) to therapy administration. In some cases, the delay between administration of the 

therapy and obtaining ofthe post-therapy administration sample is at least about 1, 2, 3, 4, 5, 

6, 7, 8, 9, 10, 11, 12, 13, 15, 20, 25, 30, 40, or 50 minutes; or 1, 2, 3, 4, 5, 6, 7, 8, 10, 12, 14, 

10 15, 16, 18,20, 22, or 24 hours. 

[0090] The post-therapy administration sample can be taken after multiple administrations 

of one or more medical or surgical therapies. For example, one or more medical therapies 

(e.g., administration of a GRA, ACTH-modulator, inhibitor of steroidogenesis, etc.) can be 

administered to a human subject in need thereof for a period of days (e.g., 1, 2, 3, 4, 5, or 6 

15 days) or weeks (e.g., 1, 2, 3, 4, or 5 weeks) and then a post-administration sample obtained 

and analyzed for FKBP5 protein amount or activity or FKBP5 gene expression to assess a 

clinical response to the medical therapy or to assess a biochem ical 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, etc.) can be administered to a human 

20 subject in need thereof and then repeated, and then a post-administration sample obtained and 

analyzed for FKBP5 protein amount or activity or FKBP5 gene expression to assess a clinical 

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

[0091] In some cases, the quantified post-administration amount, activity, or expression 

that indicates a clinical or biochemical response to the therapy is less than about, 75%, 50%, 

25 40%, 30%, 25%, 20%, 15%, 10%, 7.5%, 5%, 2.5%, 2%, 1.5%, or 1% ofthe pre-

administration value. In some cases, the quantified post-administration amount activity or 

expression that indicates a lack of a clinical or biochemical response to the therapy is equal 

to, about, or above about 80%, 85%, 90%, 100%, 110%, 120%, 125%, 150%, or 200% of the 

pre-administration value. 

30 [0092] In some cases, FKBP5 levels can be determined after transsphenoidal surgery to 

detect relapse or remission of hypercortisolemia. For example, FKBP5 can be measured in 

samples obtained before and after transsphenoidal surgery. Additionally or alternatively. 

30 
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FKBP5 can be detected in samples obtained at several time points after transsphenoidal 

surgery. For example, FKBP5 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 FKBP5 relative to a control can indicate that the 

5 subject is exhibiting remission of hypercortisolemia or is not exhibiting early relapse of 

hypercortisolemia. In some cases, a decrease in FKBP5 as compared to the value detected in 

a sample obtained prior to transsphenoidal surgery indicates that the subject is exhibiting 

remission of hypercortisolemia or is not exhibiting earl y relapse of h ypercortisolemia. In 

some cases, a stable or decreasing value of FKBP5 in samples taken at multiple time points 

10 after transsphenoidal surgery indicates that the subject is exhibiting remission of 

hypercortisolemia or is not exhibiting early relapse of hypercortisolemia, 

[0093] In some embodiments, in the absence of a detected reduction in the amount or 

activity of FKBP5 protein or expression ofthe gene encoding FKBP5 protein after 

administration ofthe medical or surgical therapy for treatment of hypercortisolemia and 

15 relative to a pre-administration or control value, the method comprises administering an 

increased amount of a medical therapy to the subject, administering an alternative medical 

therapy to the subject, administering an additional surgical therapy to the subject, or 

administering an alternative surgical therapy to the subject, or a combination thereof. In 

some embodiments, in the absence of a detected reduction in the amount or activity of 

20 FKBP5 protein or expression of the gene encoding FKBP5 protein after administration ofthe 

medical or surgical therapy for treatment of hypercortisolemia and relative to a pre-

administration 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 

25 additional surgical therapy to the subject, or administering an alternative surgical therapy to 

the subject, or a combination thereof, 

iii. Threshold, Control, and Threshold Difference Values 

[0094] FKBP5 amount, expression, or activity can be compared to various threshold, 

control, or threshold difference values to assess clinical or biochemical response as described 

30 herein. Similarly, a change in FKBP5 amount, expression, or activity from pre-

administration (e.g., pre-GRA administration or pre-medical or surgical therapy for treatment 

of hypercortisolemia administration) to post-administration can be compared to various 

threshold, control, or threshold difference values to assess a clinical or biochemical response 
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to ihe administered GRA or other therapy as described herein. In some cases, the threshold, 

control, or threshold difference value is selected to provide a sufficient sensitivity or 

specificity for use as a diagnostic. For example, the threshold, control, or threshold 

difference value can be selected to provide at least a 90% sensitivity, at least a 95% 

5 specificity, or the combination thereof. In some cases, the threshold, control, or threshold 

difference value is derived from a cohort of test indi v iduals, wherein the cohort is of 

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

[0095] In some cases, the cohort size is at least 100 or at least 200 test individuals. For 

example, 100 or 200 healthy (e.g., non-Cushing's, non-hypercortisolemic, or not otherwise in 

10 need of a GRA) test individuals can be selected to provide a threshold or control amount, 

activity, or expression level of FKBP5. As described herein, a measured FKBP5 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 

15 such healthy individuals would be expected to exhibit a small difference in FKBP5 amount, 

expression, or activity in response to administration of a medical or surgical therapy such as a 

GRA. As such, a measured reduction in FKBP5 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 

20 reduction) value derived from a cohort of at least 100 or at least 200 healthy test individuals 

in response to therapy administration can indicate a clinical or biochemical response to the 

GRA. 

[0096] In some cases, the cohort size is at least 20 or 30 or 50 test individuals. For 

example, the cohort can comprise or con sist of subjects known or suspected of having 

25 Cushing's syndrome. In 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 elimination of, one or more 

30 symptoms of Cushing's. As described herein, a measured FKBP5 amount, activity, or 

expression level that is similar to (e.g., less than 5%, 10%, 25%, 30%, 50%, 75%, or 100% 

above, or at least 95%j, 90%, 80%, 70%, 60%, or 50% of) a threshold value derived from a 

cohort of 20 or 30 or 50 test individuals known or suspected of having (e.g., untreated) 

32 



WO 2016/187347 PCT/US2016/033143 

Cushing's syndrome can indicate that the subject has Cushing's syndrome. In contrast, a 

measured FKBP5 amount, activity, or expression level that is lower than (e.g., less than 1%, 

5%, 10%, 15%, 20%, 25%, or 50% of) a threshold value derived from a cohort of 20 or 30 or 

50 test individuals known or suspected of having (e.g., untreated) Cushing's syndrome can 

5 indicate that the subject does not have Cushing's syndrome. 

[0097] Alternatively, a measured reduction in FKBP5 amount, activity, or expression level 

from pre-GRA administration to post-GRA administration that is similar to a threshold 

difference value derived from a cohort of 20 to 30, 20 to 50, 30 to 50, or at least 20, 30, or 50 

individuals known or suspected of having Cushing's syndrome and exhibiting a clinical or 

10 biochemical response to GRA administration can indicate a clinical or biochemical response 

to the GILA. In contrast, if the reduction from pre-GRA administration to post-GRA 

administration does not meet the threshold difference value derived from the cohort of 20 to 

30, 20 to 50, 30 to 50, or at least 20, 30, or 50 individuals known or suspected of having 

Cushing's syndrome and exhibiting a clinical or biochemical response to GRA 

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

[0098] The threshold, control, or threshold difference value derived from the cohort (e.g., a 

cohort of at least 100 or at least 200 healthy individuals or a cohort of at least 20 to 30, 20 to 

50, 30 to 50, or at least 20, 30, or 50 individuals known or suspected of having Cushing's 

syndrome) can be a contained in a database. In such cases, comparisons to the threshold, 

20 control, or threshold difference value can comprise querying the database. In some cases, the 

comparison further comprises applying a test of statistical significance. In some cases, the 

test of statistical significance includes a comparison of the relative variability of the amount, 

activity, or expression level in the cohort to the amount, activity, or expression level in the 

human subject. In some cases, the test of statistical significance includes a comparison of the 

25 relative variability in a change in FKBP5 amount, activity, or expression from pre- to post-

medical or surgical therapy administration or from pre- or post-GRA administration in the 

cohort to the change in the amount, activity, or expression level of FKBP5 in the human 

subject. In some cases, the methods include identifying whether the comparison is 

statistically significant in view ofthe inherent variability of the measurement as indicated by 

30 the observed variability in the cohort. 
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iv. GRA administration 

[0099] A GRA administered to the human subject can be any glucocorticoid receptor 

antagonist, including any of the GRAs described herein. Exemplar)'' GRAs include, but are 

not limited to, mifepristone, or a heteroaxyl-ketone GRA, In some cases, the GRA 

5 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 is a pan-specific GRA that preferentially binds to, and 

antagonizes, the GR and one or two other nuclear receptors selected from the group 

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

and antagonizes GR, MR, AR, and PR. 

[0100] The GRA can be a steroidal GRA, such as a compound containing a modified 

Cortisol steroid backbone. The two most commonly known classes of structural 

modifications of the Cortisol steroid backbone to create glucocorticoid antagonists include 

15 modifications of the 11- (3 hydroxy group and modification of the 17-|3 side chain (See, e. g., 

Lefebvre (1989) I. 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 U.S. 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; 

20 4,814,327; 4,829,060; 4,861,763; 4,912,097; 4,921,638; 4,943,566; 4,954,490; 4,978,657; 

5,006,518; 5,043,332; 5,064,822; 5,073,548; 5,089,488; 5,089,635; 5,093,507; 5,095,010; 

5,095,129; 5,132,299; 5,166,146; 5,166,199; 5,173,405; 5,276,023; 5,380,839; 5,348,729; 

5,426,102; 5,439,913; 5,616,458, 5,696,127, and 6,303,591. Such steroidal GRAs include 

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

25 cortisol-21 -mesylate; dexamethasone-21 -mesylate, 11 |3-(4-dimethylaminoethoxyphenyl)-

17a-propynyl-17p~hydroxy~4,9~estradien-3-one (RU009), and 17|3-hydroxy-17a-19-(4-

methyjphenyl)androsta-4,9(l l)-dien-3-one (RU044). 

[0101] Other examples of steroidal GRAs are disclosed in Van Kampen et al. (2002) Eur, 

J, Pharmacol. 457(2-3):207, WO 03/043640, EP 0 683 172 Bl, and EP 0 763 541 Bl, each of 

30 which is incorporated herein by reference. EP 0 763 541 Bl and Hoyberg et al., Int'l J. of 

Neuro-psychopharmacology, 5:Supp. 1, S J 48 (2002); disclose the compound (11|3,17|3)-11-

(1,3 -benzodi oxol-5 -yl)-17-hydroxy-17-(1 -propynyl)estra-4,9-dien -3 -one (ORG 34517), 
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[0102] The GRA can be a non-steroidal GRA. Non-steroidal GRAs do not share structural 

homology to, or are not modifications of, Cortisol. Such compounds include synthetic 

mimetics and analogs of proteins, including partially peptidic, pseudopeptidic and non-

peptidic molecular entities. Non-steroidal GRA compounds also include glucocorticoid 

5 receptor antagonists having a cyclohexyl -pyrimidine backbone, a fused azadecalin backbone, 

a heteroaryl ketone fused azadecalin backbone, or an octahvdro fused azadecalin backbone. 

Exemplary glucocorticoid receptor antagonists having a cyclohexyl-pyrimidine backbone 

include those described in U.S. Patent No. 8,685,973. Exemplary glucocorticoid receptor 

antagonists having a fused azadecalin backbone include those described in U.S. Patent Nos. 

10 7,928,237; and 8,461,172. Exemplary glucocorticoid receptor antagonists having a 

heteroaryl ketone fused azadecalin backbone include those described in U.S. 2014/0038926. 

Exemplar}' 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, Attorney Docket No. 

15 85178-887884 (007800US), filed on November 25, 2013. 

[0103] Examples of non-steroidal GRAs include the GR antagonist compounds disclosed in 

U.S. Pat. Nos. 5,696,127; 6,051,573; and 6,570,020; the GR antagonist compounds disclosed 

in US Patent Application 20020077356, the glucocorticoid receptor antagonists disclosed in 

Bradley et al., J. Med. Chem. 45, 2417-2424 (2002), e.g., 4a(S)-benzyl-2(R)-chloroethynyl-

20 l,2,3,4,4a,9,10,10a(R)-octahydro-phenanthrene-2,7-diol ("CP 394531") and 4a(S)-benzyl-

2(R)-prop-l-ynyl-l,2,3,4,4a,9,10,10a(R)-octahydro-phenanthrene-2,7-diol ("CP 409069"); 

and the compounds disclosed in PCT International Application No. WO 96/19458, which 

describes non-steroidal compounds which are high-affinity, highly selective antagonists for 

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

25 [0104] The GRAs can be delivered by any suitable means, including oral, parenteral and 

topical methods. Transdermal administration methods, by a topical route, can be formulated 

as applicator sticks, solutions, suspensions, emulsions, gels, creams, ointments, pastes, jellies, 

paints, powders, and aerosols. 

[0105] The pharmaceutical preparation is preferably in unit dosage form. In such form the 

30 preparation is subdivided into 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 in 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 die appropriate 

number of any of these in packaged form. 

[0106] The GRA can be co-administered with other agents. Co-administration includes 

administering the GRA within 0.5, 1, 2, 4, 6, 8, 10, 12, 16, 20, or 24 hours of the odier agent. 

5 Co-administration also includes administering simultaneously, approximately simultaneously 

(e.g., within about 1, 5, 1.0, 15, 20, or 30 minutes of each other), or sequentially in any order. 

Moreover, the GRA can each be administered once a day, or two, three, or more times per 

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

[0107] In some embodiments, co-administration can be accomplished by co-formulation, 

10 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 include, but are not 

limited to, another GRA, an agent that inhibits cellular proliferation, an anti-cancer 

chemotherapeutic, or an antibody. 

15 [0108] The GRA, and any other agents, can be present in any suitable amount, and can 

depend on various factors including, but not limited to, weight and age of the subject, state of 

the disease, etc. Suitable dosage ranges include from about 0.1 mg to about 10,000 mg, or 

about 1 mg to about 1000 mg, or about 10 mg to about 750 mg, or about 25 mg to about 500 

mg, or about 50 mg to about 250 mg. Suitable dosages also include about 1 mg, 5, 10, 20, 

20 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900 or 1000 mg. If the 

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. 

[0109] The composition can also contain other compatible therapeutic agents. The 

dierapeutic agents can be used in combination with one another, with other active agents 

25 known to be useful in antagonizing a glucocorticoid receptor, or with adjunctive agents that 

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

b. Diagnosis of Cnshing's syndrome 

[0110] Cushing's syndrome can be diagnosed by detecting an amount or activity of FKBP5 

protein or an expression le vel of a gene encoding FKBP5 and correlating the amount, 

30 activity, or expression level with a presence or absence, or likelihood, of Cushing's 

syndrome. The method can include: a) measuring an amount, or activity of FKBP5 protein or 
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an expression level of a gene encoding FKBP5 in a sample from the subject; and b) 

identifying the subject as likely to be suffering from Cushing's syndrome when the amount, 

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

[0111] The sample can be obtained by a variety of means. For example, the sample can be 

5 obtained by collecting a blood sample (e.g., a sample of whole blood or a fraction thereof). 

Alternatively, the sample can be obtained by scraping epithelial cells (e.g., nasal epithelial 

cells) of a subject. Samples include, but are not limited to samples of human cells and 

tissues, such as blood samples, cerebrospinal fluid samples, synovial tissue samples, synovial 

fluid samples, brain tissue samples, blood vessel samples, or tumor (e.g., pituitary' adenoma) 

10 samples. 

[0112] The sample can be extracted to obtain FKBPi protein, or FKBP5 nucleic acid. For 

example, cells can be lysed, and the protein fraction obtained. In some cases, the lysate is 

further fractionated to purify a specified cellular compartment. For example, the cell lysate 

can be fractionated to obtain a cytosolic protein fraction. As another example, the cell lysate 

15 can be fractionated to obtain a nuclear or nucleolar protein fraction. The protein fraction can 

be assayed for FKBP5 protein levels or activity. Alternatively, the cells can be lysed, and a 

nucleic acid (e.g., mRNA) fraction obtained. The nucleic acid fraction can be assayed for 

expression of the FKBP5 gene, 

[0113] The cell lysate, or protein fraction thereof can be purified using a variety of methods 

20 to obtain a fraction enriched for FKBP5 protein, or a portion thereof. For example, cells can 

be lysed and contacted with a chromatography medium under conditions suitable to 

preferentially bind contaminants or target protein. Where contaminants are preferentially 

bound, target protein can be collected as a flow through fraction and assayed further. Where 

target protein is bound, the chromatography medium can be washed and the target protein 

25 eluted. 

[0114] As another example, cells can be lysed and contacted with a capture reagent (e.g., a 

capture antibody or aptamer) that specifically binds to the FKBP5 protein, or a portion 

thereof. The capture reagent can be immobilized on a solid support. In some cases, the 

FKBP5 protein or portion thereof can be eluted from the capture reagent and then detected or 

30 quantified. In other cases, the FKBP5 protein or portion thereof can be detected or quantified 

as a capture reagent-bound form. 
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[0115] Similarly, the cell lysate, or nucleic acid fraction thereof can be purified using a 

variety of methods to obtain an fraction enriched for a transcript of a gene encoding FKBP5. 

For example, cells can be lysed and nucleic acids can be precipitated or otherwise purified 

from the lysate. In some cases, the nucleic acids can be purified by contacting the sample, or 

5 a fraction thereof, with a surface immobilized oligodT moiety to preferentially bind 

polyadenylated mRNA. 

[0116] Nucleic acids can be subject to amplification, hybridization, polymerization, reverse 

transcription, or a combination thereof. In some cases, the amplification, hybridization, 

polymerization, or reverse transcription is target specific such that the gene encoding FKBP5, 

10 a transcript thereof, or a portion thereof is specifically amplified, hybridized, or reverse 

transcribed. In some cases, the amplification, hybridization, polymerization, or reverse 

transcription is not target specific such that the sample is subject to whole genome or whole 

trailscriptome hybridization, polymerization, or reverse transcription. Whole genome or 

other non-specific hybridization, polymerization, or reverse transcription can be performed 

15 with the use of one or more degenerate primers or probes. After non-specific hybridization, 

polymerization, or reverse transcription, the FKBP5 gene expression can be specifically 

detected and/or quantified. 

[0117] The amount or activity of FKBP5 polypeptide, or a portion thereof, can be 

measured by a variety of methods known in the art. For example, an ELISA (e.g., sandwich 

20 ELISA) can be used to measure polypeptide le vels in a sample, or a protein extract thereof, 

using one or more antibodies specific for the FKBP5 protein, or a portion thereof. In some 

cases, the ELISA is a sandwich ELISA, in which FKBP5 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 thereof is detected with a detection 

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

[0118] As another example, activity of the FKBP5 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 FKBP5-mediated cis-trans prolyl isomerase activity of the 

sample. In some cases, the isomerization of the substrate can be measured using an cis-trans 

30 proline isomer sensitive enzyme, such as a protease. For example chymotrypsin, which has a 

high substrate specificity and catalytic efficiency (kcat/Km) against peptide substrates having 

a trans-proline at the P2 position and phenylalanine or tyrosine 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 instance, an N-succinyl-Ala-Leu-

c/s,-Pro-Phe-/>-nitroanilide substrate can be used in combination with chymotrypsin, which 

preferably cleaves the trans prolyl isomer of the substrate to assay a sample or extract thereof 

5 for FKBP5 prolyl isomerase activity. The production ofthe trans isomer ofthe substrate by 

isomerase activity ofthe FKBP5 or portion thereof can be measured by detecting the 

digestion of the nitroanilide substrate by the chymotrypsin as described, e.g., in Fischer et al. 

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

[0119] As another example, activity of the FKBP5 polypeptide, or a portion thereof, can be 

10 detected or quantified by measuring the amount of FKBP5 protein bound to GR in the 

sample. This can be performed, e.g., by purifying GR or FKBP5 protein under conditions 

suitable to preserve binding between GR and FKBP5 protein. The purification product can 

then be assayed for the presence, absence, or quantity of the cognate binding partner. For 

example, cytosolic GR can be purified and the presence of FKBP5 protein detected in the 

15 purification product. As another example, FKBP5 protein can be purified and the presence of 

GR can be detected in the purification product. In some cases, this can be performed using a 

sandwich ELISA-type assay in which the immobilized capture reagent recognizes one 

member of the GR:FKBP5 protein complex and the detection reagent recognizes the other 

member of the GRFKBP5 protein complex. 

20 [0120] As another example, expression of a gene encoding FKBP5 protein can be 

measured by reverse transcription of FKBP5 mRNA, or a portion thereof, and quantitative 

amplification ofthe reverse transcription product or a portion thereof. The quantitative 

amplification can be performed using PCR (e.g., real time PCR) or other amplification 

techniques known in the art. The amplification can be detected by, e.g., detecting 

25 incorporation of an intercalating dye into the amplification product, degradation of a 

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

[0121] Any measured amount activity or expression level in a sample can be normalized to 

a reference. For example, expression level can be normalized to total mRNA levels, or die 

expression level of a reference gene. Suitable reference genes include, but are not limited to, 

30 GAPDH,, hypoxanthine phosphoribosyltransferase 1 (HRPT1), ribosomal protein large PI, 

or another housekeeping gene. As another example, FKBP5 protein amount can be 

normalized to total protein levels, or the level of a reference gene product. Suitable reference 
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gene products include, but are not limited to, actin, tubulin, COX IV, HRPT1, GAPDH, or 

another housekeeping gene product. 

[0122] The amount or activity of FKBP5 protein or expression level of the gene encoding 

FKBP5 can be compared to a control value or threshold to indicate the presence or absence, 

5 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 FKBP5 protein or expression level of the 

gene encoding FKBP5 is 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 FKBP5 protein or expression level of the 

10 gene encoding FKBP5 is near, equal to, or below the threshold value, the absence of 

Cushing's syndrome is indicated. 

EXAMPLES 

L Example I 

[0123] Ten healthy subjects are treated with prednisone on day -19. On day -12, subjects 

15 are treated with prednisone (25 mg) and mifepristone (600 mg). On day 1, subjects are 

treated with prednisone (25 mg) and CORT125134 (500 mg). Blood samples are taken 

before each dose and at various time-points after each dose. The study scheme is depicted in 

FIG. 1. The expression level ofthe FKBP5 gene is measured in the pre-administration 

samples obtained before dosing on each day and in the post-administration samples obtained 

20 at various time points after dosing on each day. Raw expression level data in the samples are 

normalized against the expression level of the glyceraldehyde phosphate dehydrogenase 

(GAPDH) gene in each sample. As illustrated in FIG. 2, the normalized expression level of 

the FKBP5 gene in the whole blood samples after administration of the GR agonist 

prednisone is from about 10 to 50 fold above the pre-administration level. Administration of 

25 die GRAs mifepristone or CORT125134 causes a significant decrease in the fold change in 

FKBP5 expression. 
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[0124] Although the foregoing invention has been described in some detail by way of 

15 illustration and example for purposes of clarity of understanding, one of skill in the art will 

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

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

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

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

20 instant application shall dominate. 
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WHAT IS CLAIMED IS: 

1. A method for assessing a biochemical response to a glucocorticoid 

receptor antagonist (GRA) in a human subject, the method comprising: 

a) measuring a first amount, or activity of 51 kDa FK506 binding protein 

(FKBP5 protein) or a first expression level of a gene encoding FKBP5 protein in a first 

sample from the subject, wherein: 

i) the first sample comprises primary ceils; and 

ii) the first sample is obtained before the GRA is administered to the 

subject; 

b) measuring a second amount or activity of FKBP5 protein or a second 

expression level of a gene encoding FKBP5 protein in a second sample from the subject, 

wherein: 

i) the second sample comprises primary cells; and 

ii) the second sample is obtained after the GRA is administered to the 

subject; and 

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

wherein a reduction in the amount or activity of FKBP5 protein or a reduction in the 

expression level of the gene encoding FKBP5 protein in the second sample indicates the 

biochemical response to the GRA. 

2. The method of claim 1, wherein the first sample is obtained prior to 

administering multiple doses of GRA to the subject, and the second sample is 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 encoding FKBP5 protein in the sample. 

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

comprises quantitating the amount of FKBP5 protein in the sample. 

5. The method of claim 1, wherein the measuring comprises quantitating 

the amount of FKBP5 protein activity in the sample. 
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1 6. The method of claim 5, wherein the quantitating the amount of FKBP5 

2 protein activity in the sample comprises measuring FKBP5 protein peptidyl-prolyl-cis-trans 

3 isomerase activity in the sample. 

1 7. The method of claim 5, wherein the quantitating the amount of FKBP5 

2 protein activity in the sample comprises measuring the amount of FKBP5 protein bound to 

3 glucocorticoid receptor (GR) in the sample. 

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

2 comprises mifepristone. 

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

2 not mifepristone. 

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

2 comprises a heteroaryl-ketone GRA. 

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

2 whole blood, or a fraction thereof. 

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

2 nasal epithelial scraping samples. 

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

2 of the glucocorticoid receptor antagonist (GRA). 

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

2 Cortisol. 

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

2 second samples comprise tumor cells. 

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

2 whole blood, or a fraction thereof. 

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

2 an increased amount of GRA to the subject in the absence of a detected reduction in the 
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3 amount or activity of FKBP5 protein or a detected reduction in the expression level ofthe 

4 gene encoding FKBP5 protein in the second sample. 

1 18. A method for diagnosing Cushing's syndrome in a human subject, the 

2 method comprising: 

3 a) measuring an amount, or activity of 51 kDa FK506 binding protein (FKBP5 

4 protein) or an expression level of a gene encoding FKBP5 protein in a sample obtained from 

5 the subject, wherein the sample comprises primary cells; and 

6 b) identifying the subject as likely to be suffering from Cushing's syndrome 

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

1 19. The method of claim 18, wherein the measuring comprises quantitating 

2 an amount of mRNA encoding FKBP5 protein in the primary cells of the sample. 

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

2 the amount of FKBP5 protein in the primary cells of the sample. 

1 21. The method of claim 18, wherein the measuring comprises quantitating 

2 the FKBP5 protein activity in the primary cells ofthe sample. 

1 22. The method of claim 21, wherein the quantitating the FKBP5 protein 

2 activity in the primary cells of the sample comprises quantitating FKBP5 protein peptidyl-

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

1 23. The method of claim 21, wherein the quantitating the FKBP5 protein 

2 activity in the primary cells of the sample comprises quantitating the amount of FKBP5 

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

1 24. The method of claim 18, wherein the sample obtained from the subject 

2 comprises whole blood, or a fraction thereof. 

1 25. The method of claim 18, wherein the subject has undergone 

2 transsphenoidal surgery before the sample is obtained from the subject. 

1 26. The method of claim 18, wherein the method comprises administering 

2 a treatment for Cushing's syndrome when the amount or activity of FKBP5 protein or the 

3 expression level ofthe gene encoding FKBP5 protein is high relative to a control. 
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27. The method of claim 26, wherein the administering the treatment for 

Cushing's syndrome comprises administering to the subject a glucocorticoid receptor 

antagonist (GRA). 

28. A method for assessing a biochemical response in a human subject to 

administering to the subject a medical or surgical therapy for treatment of hypercortisolemia, 

the method comprising: 

a) measuring a first amount, or activity of 51 kDa FK506 binding protein 

(FKBP5 protein) or a first expression level of a gene encoding FKBP5 protein in a first 

sample from the subject, wherein: 

i) the first sample comprises primary cells; and 

ii) the first sample is obtained before administering the medical or 

surgical therapy for treatment of hypercortisolemia to the subject; 

b) measuring a second amount or activity of FKBP5 protein or a second 

expression level of a gene encoding FKBP5 protein in a second sample from the subject, 

wherein: 

i) the second sample comprises primary cells; and 

ii) the second sample is obtained after the medical or surgical therapy 

for treatment of hypercortisolemia is administered to the subject; and 

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

wherein a reduction in the amount or activity of FKBP5 protein or a reduction 

in the expression level of the gene encoding FKBP5 protein in the second sample indicates 

the biochemical response to the medical or surgical therapy for treatment of 

hypercortisolemia. 

29. The method of claim 28, wherein the medical or surgical therapy for 

treatment of hypercortisolemia 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-secretmg tumor, treatment with a peptide 

receptor radionuclide therapy, and combinations thereof. 
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1 30. The method of claim 29, wherein the inhibition of steroidogenesis 

2 comprises administration of ketoconazoie, ievoketoconazole, metyrapone, LCI699, mitotane, 

3 aminogiutethimide, etomidate, or a combination thereof. 

1 31. The method of claim 29, wherein the administration of an ACTH 

2 modulator comprises administration of a dopamine agonist, somatostatin, a somatostatin 

3 analog, retinoic acid, R-roseovitine, or a combination thereof. 

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

2 from the group consisting of bromocriptine and cabergoline. 

1 33. The method of claim 28, wherein the method comprises administering 

2 an additional medical or surgical therapy for treatment of hypercortisolemia in an absence of 

3 a detected reduction in the amount or activity of FKBP5 protein or reduction in the 

4 expression level of the gene encoding FKBP5 protein in the second sample. 

1 
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Continuation of Box III: Observations where unity of invention is lacking 

The inventions listed as Groups I through III do not relate 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 II and III 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 I. 

Groups I and III do not require diagnosing Cushing's syndrome in a human subject based on elevated FKBP5 amount, activity or 
expression level, as required by group II. 

Group I and II 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 III. 

Common Technical Features 

The common technical feature shared by Groups I through III is measuring an amount, or activity of 51 kDa FK506 binding protein 
(FKBP5 protein) or an expression level of a gene encoding FKBP5 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 (FKBP5) 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 5 taught by Holsboer would bo performed in a human sample. 

A common technical feature shared by Groups I and III is measuring an amount, or activity of 51 kDa FK506 binding protein (FKBP5 
protein) or an expression level of a gene encoding FKBP5 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 FKBP5 protein or a 
reduction in the expression level of the gene encoding FKBP5 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 
FKBP5 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 (FKBP5) 
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 FKBP5 protein in the treated sample indicates the biochemical response to 
the therapy for treatment, however Diamond teaches modulating GR signaling with GR antagonists wherein FKBP5 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 FKBP5, while rosolic acid inhibited GR induction of ENaC and FKBP5, 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 FKBP5 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 I through III 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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