
US011299786B2 

( 12 ) United States Patent 
Mitrofanova et al . 

( 10 ) Patent No .: US 11,299,786 B2 
( 45 ) Date of Patent : Apr. 12 , 2022 

( 54 ) GENE PANEL TO PREDICT RESPONSE TO 
ANDROGEN DEPRIVATION IN PROSTATE 
CANCER 

( 58 ) Field of Classification Search 
CPC C12Q 1/6886 ; C12Q 1/6837 ; C12Q 

2600/154 ; C12Q 2600/112 ; C12Q 
2600/158 ; C12Q 2600/118 ; C12Q 

2600/106 
See application file for complete search history . 

( 56 ) References Cited 

( 71 ) Applicant : Rutgers , The State University of New 
Jersey , New Brunswick , NJ ( US ) 

( 72 ) Inventors : Antonina Mitrofanova , New York , NY 
( US ) ; Sukanya Panja , Harrison , NJ 
( US ) 

U.S. PATENT DOCUMENTS 

( 73 ) Assignee : Rutgers , The State University of New 
Jersey , New Brunswick , NJ ( US ) 

6,828,429 B1 
9,289,436 B2 

2012/0135877 Al 
2013/0022974 Al 

12/2004 Srivastava et al . 
3/2016 Szmulewitz et al . 
5/2012 Jarrard et al . 
1/2013 Chinnaiyan et al . 

( * ) Notice : FOREIGN PATENT DOCUMENTS Subject to any disclaimer , the term of this 
patent is extended or adjusted under 35 
U.S.C. 154 ( b ) by 234 days . EP 

WO 
WO 
WO 

2 878 678 A1 
WO 2009/077158 Al 
WO 2015/082414 Al 
WO - 2017059549 Al * 

6/2015 
6/2009 
6/2015 
4/2017 

( 21 ) Appl . No .: 16 / 504,070 
GOIN 33/57434 

( 22 ) Filed : Jul . 5 , 2019 
OTHER PUBLICATIONS 

( 65 ) Prior Publication Data 

US 2020/0010909 A1 Jan. 9 , 2020 Chan . G & P Magazine . 2006. 6 ( 3 ) : 20-26 . ( Year : 2006 ) . * 
( Continued ) 

Primary Examiner Joseph G. Dauner 
( 74 ) Attorney , Agent , or Firm — Klarquist Sparkman , 
LLP ( 60 ) 

Related U.S. Application Data 
Provisional application No. 62 / 694,085 , filed on Jul . 
5 , 2018 

( 51 ) Int . Cl . 
C12Q 1/6886 ( 2018.01 ) 
C12Q 1/6837 ( 2018.01 ) 

( 52 ) U.S. CI . 
??? C12Q 1/6886 ( 2013.01 ) ; C12Q 1/6837 

( 2013.01 ) ; C12Q 2531/113 ( 2013.01 ) ; C12Q 
2600/112 ( 2013.01 ) ; C12Q 2600/118 

( 2013.01 ) ; C12Q 2600/154 ( 2013.01 ) ; C12Q 
2600/158 ( 2013.01 ) 

( 57 ) ABSTRACT 
Methods for predicting the response of prostate cancer to 
androgen deprivation therapy ( ADT ) using a gene signature 
of five genes ( CSPG5 , FKBP6 , FOSB , STMN1 , and TTC27 ) 
is provided . Also provided are sets containing specific 
binding molecules for each of CSPG5 , FKBP6 , FOSB , 
STMN1 , and TTC27 and kits containing such sets . 

19 Claims , 10 Drawing Sheets 
( 10 of 10 Drawing Sheet ( s ) Filed in Color ) 
Specification includes a Sequence Listing . 

33333333 
Response to therapeutic 

Intervention 
( TCGA ) 

non - responders responders 

Integrative analysis 

5 - methyl 
cytosine 

Validation in clinical cohorts 
( TCGA , SU2C , PROMOTE , Beitran et al , Grasso et al , Cai et al ) 

ROC Survival analysis Random models 

DT AUC log - rank randorn 
model p 



US 11,299,786 B2 
Page 2 

( 56 ) References Cited 

OTHER PUBLICATIONS 

Chen et al . Molecular & Cellular Proteomics . 2002. 1 : 304-313 . 
( Year : 2002 ) . * 
Greenbaum et al . Genome Biology . 2003. 4 : 117 . ( Year : 2003 ) . * 
Kendrick . “ A gene's mRNA level does not usually predict its 
protein level ” . Kendrick Labs , Inc. Sep. 25 , 2014. ( Year : 2014 ) . * 
Mair et al . FEBS Letters . 2009. 583 : 3966-3973 . ( Year : 2009 ) . * 
Affymetrix . Retrieved on Jul . 20 , 2021 from the internet : https : // 
www.affymetrix.com/analysis/netaffx/xmlquery.affx?netaffx=netaffx4_ 
annot . ( Year : 2021 ) . * 
Winn et al . BMC Genomics . 2011. 12 : 412 . ( Year : 2011 ) . * 
Jia et al . Cancer Res . 2011. 71 ( 7 ) : 2476-2487 . ( Year : 2011 ) . * 
LaMotte , “ skip chemo , study says , " https://www.cnn.com/2018/06/ 
03 / health / breast - cancer - recurrence - chemo - study / index.html , Jun . 3 , 
2018 . 
Panja et al . , “ Integrative ( epi ) Genomic Analysis to Predict Response 
to Androgen - Deprivation Therapy in Prostate Cancer , ” EBioMedicine 
31 : 110-121 , 2018 . 
Sparano et al . , “ Adjuvant Chemotherapy Guided by a 21 - Gene 
Expression Assay in Breast Cancer , " N Engl J Med . 379 ( 2 ) : 111-121 , 
2018 . 

2 

> > 

* cited by examiner 



U.S. Patent Apr. 12 , 2022 Sheet 1 of 10 US 11,299,786 B2 

FIG . 1 Response to therapeutic 
Intervention 

( TCGA ) j ? 
responders non - responders 

TS $ 1500 , 55200 m 3 UTR EXQ11 Body 

Integrative analysis 

an 5 - methyl 
cytosine Dopo Island 

Validation in clinical cohorts 

( TCGA , SU2C , PROMOTE , Beltran et al , Grasso et al , Cai et al ) 
ROC Survival analysis Random models 

Dee AUC log - rank p random 
model p 



U.S. Patent 

FIG . 2A 

FIG . 2C 

Scenario 1 : Time to treatment - related event 

latest follow - LIB 

disease progression 

tione to event 

2500 

Apr. 12 , 2022 

Scenario 2 : Time to follow - up reatment 

latest follow - up 

2000 

time to follow - up 

Days to disease progression or follow - up 

Sheet 2 of 10 

X 

FIG . 2B Differential methylation signature 

Swisy 

RI 

22 : 

10thresponders 

Treated patients 

unchanged methylation 

differential methylation 

responders 

noesponders 

US 11,299,786 B2 



FIG . 3 

U.S. Patent 

1.0 0.5 

Apr. 12 , 2022 

NES -2.64 , p - value < 0.001 

query set 

-0.5 

empirically estimated D - values 

Sheet 3 of 10 

-1.0 

Responders 

Non 

-1.5 

responders 
signature based on 

Student t - test 
D - values 

150000 

250000 

US 11,299,786 B2 



U.S. Patent 

Transcription Start Site ( TSS ) 

FIG . 4A 

TSS1500 

SE 

TSS200 m 

155200 SUTR D1 % exon 

Body 

3 ' UTR MIL 

Apr. 12 , 2022 

TSS 200/1500 

5 UTR 

1st exon 

gene body 

3 UTR 

FIG . 4B 

% region 

Sheet 4 of 10 

signature 

signature 

Signature 

sigelskie 

Odds 

Odds 
FET p - val? 2.5E - 13 

GSEA D - val < 0.001 

FIG . 4C 

Odds FET D - val 2.36-09 GSEAD - val < 0.001 

Odds 2.7 FET D - val 2.5E - 19 
GSEA p - val < 0.001 

?? 

FET D - val GSEAD - val 

FET p - val GSEA D - val 

1 

US 11,299,786 B2 . 



Integrative ( epi ) genomic analysis 

CY21624407- TIC27 

FIG . 5A 

Response to therapeutic irstervention 

FIG . 5D 

quin 

expression 

*** 

U.S. Patent 

0.80 

LRD - val 

0.002 
Slope m0.89 

Location TSS200 / 1500 

w 

non - responders 

responders 

methylation c923079732 . ^ STANI 

Differential method 

Pearson correlation analysis 

borsseldka 

0.76 

LR p - val 

0.004 Slope 0.87 Location : 5 ' UTR . stexon 

Apr. 12 , 2022 

Linear regression analysis 

methylation 0925224222 - FOS8 

expression 

Voissojoxo 

R. 0.75 LRO - val 0.005 Slope 
0.87 Location TSS200 / 1500 

methylation 

9 methylation 0922120509 - > EKBPG 

Sheet 5 of 10 

FIG . 5B 

FIG . 5C 

Expression 

0.56 

LR P - val 

0.03 
Slope -0.75 

Location TSS200 / 1500 5 * UTR 

* over - methylated * under - methylated 

0.5 1.5 

methylation 0901679426 .- > CSPGS . 

? Di - vait 

4.5 

B < 0.05 

D 0.001 

uoglejšyou ( jen - d10100 ** 

5 4 
Hog10 ( p - val ) methylation 

expression 

0.53 
LR p - val 0.045 Slope -0,72 Location ist exon 

methylation 

US 11,299,786 B2 

* 

log2 ( fold change ) 

-log 10 ( P - val ) correlation 



FIG . 6A 

FIG . 6B 

FIG . 6C 

U.S. Patent 

og rank 30.019 
Hazard rata . 3 ? 

nethylation AUROC = 0.98 , 

0.8 

0.75 

20 

? 

? 

0.6 

expression AUROC 0.74 

T - SNE dimention 2 

treatment - related survival 

Sensitivity 
0.4 

0.25 

number of palerts at risk 

rondon ciggsiliar AUROC - 0.5 

Apr. 12 , 2022 

TCGA 
0 . 

10 15 

o 

0.0 

20 

time ( months ) 

t - SNE dimention 1 

1 - Specificity 

FIG . 6D 

FIG . 6E 

FIG . 6F 

Sheet 6 of 10 

p = 0.00006 31.01 33.26 

Grasso et al 

Cai et al 

- 

50 

20 

expression 2 - score 

t - SNE dimention 2 

-SNE dimention 2 

AS 
fled ADT 

-40 

0 

grous ? group 2 Stand Up To Cancer 
( TCGA ) ( TCGA ) ( SU2C ) 

laiad AOT 

0 . t - SNE dimention 1 

US 11,299,786 B2 

1 - SNE dimention 1 



U.S. Patent 

FIG . 7A 

FIG . 7B 

1 

Apr. 12 , 2022 

0.75 

0.75 

PROMOTE AUROC4098 
0.8 

treatment - related survival 

0.5 

treatment - related survival 

0.5 

0.6 . 

Beitran et al AUROC = 0.83 

Sensitivity 

0:25 

0:25 

TCGA , Gleason 7 log - rank p = 0.048 

TCGA , Gleason 8-9 log - rank p = 0.017 

random classifier AUROC = 0.5 

Sheet 7 of 10 

0 

0.2 

0 

20 

0 

40 

60 

time ( months ) 

time ( months ) 

0 

number of patents at risk 

number of patients at risk 

0.2 

0.4 

1 . 

6 

1.- Specificity 

US 11,299,786 B2 



FIG . SA 

U.S. Patent 

Log - rank p - value 

0.019 * 

Hazard ratio 

Concordance index 
0.7 

0:59 
0.54 

( les - dxues - 601 ) zboj 

hazard ratio 

1.9 

C - index 

1.93 

0.4 

1.5 

1.29 

1,0 

0.53 0:50 

0,2 

** 

0.65 

0.97 

Apr. 12 , 2022 

0 

Differential Methylation ( p < 0.001 ) Differential methylation ( top 5 ) 

Differential Expression ( p < 0.001 ) Differential expression ( top 5 ) 

Methyl - expr correlation ( p < 0.05 ) 
Identified 5 site - gene panel 

FIG . 8B 

FIG . 8C 

FIG . 8D 

Sheet 8 of 10 

5 

33 % 

P = 0.05 

random model ? random model 2 

0.3 
probability density 

Variables and their Cox model 

combinations 

( Wald D - val ) 

Pathological T - stage ( Pan ) . : 0.38 

Clinical T :: stage ( Clint 
Gleason score ( GI ) . 

Age 

0.79 

Tierapy sublype ( Thai ) 

0.17 

Haint Cint . O aerThes 

0.68 

random model 1 0-0.010 randon model 203,011 

( jead mues - 60 ) Zbok 

0.2 

False Negatives 

3djusting for effect of commonly utilized 
prognostic variables prognostic varigtsles 

False Positives 

5 site - gene panel pavalue 

FN threshold -31 % 8 FP tyreshold -9 % 

site - gene panel Pans ) 

0.03 

Panel - Pathological 3 - stage 
Panel - Cirical T - stage Paniel Gleason acorn 

0.03 

Manel Age 

0.03 

Panel - Therapy subtype iTher ) 0.03 Panel - Path -Cint - Gi - Age - This 0.03 

US 11,299,786 B2 

1 

V 

30 

35 

-log2 ( log - rank p - val ) 

10 

# FN / FP ( noise ) 



U.S. Patent 

FIG . 9A 

FIG . 9B 

FIG . 9C 

1.0 : 

Apr. 12 , 2022 

0.8 

0,75 

Sooner atau log - rank p = 0.78 hazard ratio 0.94 

0.6 

0.5 

Area Under ROC 

disease - specific survival 

Area Under ROC 

0.4 

0.4 

0:25 

Sheet 9 of 10 

0.2 

0.2 

0 

100 

200 

300 

0.0 . 
0.02 

time ( months ) 

0.001 

0.003 

0.005 

0.03 

0.04 

number of patients at risk 

methylation D - value threshold 

correlation p - value threshold 

US 11,299,786 B2 



U.S. Patent 

Color Key 

FIG . 10 

-4 

-2 

0 

2 

ROW 2 - Score 

Apr. 12 , 2022 

1 

ERG TMRRSS2 
Sheet 10 of 10 

Group 1 patients 

2 Group 2 patients 

US 11,299,786 B2 



* 

US 11,299,786 B2 
1 2 

GENE PANEL TO PREDICT RESPONSE TO enhancer ( Sengupta et al . , 1999 , Zhang et al . , 1990 ) , depend 
ANDROGEN DEPRIVATION IN PROSTATE ing on the transcription process it interferes with . 

CANCER Integrative analysis is crucial for in - depth understanding 
of molecular mechanisms involved in therapeutic response , 

CROSS - REFERENCE TO RELATED 5 for example ( i ) correlation between DNA methylation and 
APPLICATION mRNA expression of FHIT has been suggested as a marker 

for risk management in non - small cell lung and breast 
This application claims priority to U.S. Provisional appli cancer ( Zöchbauer - Müller et al . , 2001 ) ; ( ii ) aberrant fre 

cation No. 62 / 694,085 filed Jul . 5 , 2018 , herein incorporated quencies of genes correlated between DNA methylation ( as 
by reference in its entirety . 10 well as copy number variation ) and expression levels could 

identify molecular subtypes in hepatocellular carcinoma 
FIELD patients ( Woo et al . , 2017 ) ; ( iii ) correlation between DNA 

methylation and gene expression defined transcriptional 
This disclosure relates to methods for predicting response patterns in molecular subtypes of breast cancer ( Rhee et al . , 

of prostate cancer to androgen deprivation therapy ( ADT ) 15 2013 ) , etc. Thus , a systematic investigation of the effect of 
DNA methylation on therapeutic response and analysis of its using a gene signature of five genes , as well as sets of functional effect on the expression of the harboring genes specific binding molecules and kits . can enhance our understanding of the mechanisms impli 
cated in resistance and provide valuable predictive markers BACKGROUND 20 of predisposition to therapeutic failure . 

Prostate cancer is the most common malignancy and one SUMMARY 
of the leading causes of death in American men ( Haas et al . , 
2008 , Bray et al . , 2013 , Siegel et al . , 2016 ) . Androgen- Therapeutic resistance is a central problem in clinical 
deprivation has been the mainstay of treatment for patients 25 oncology . This disclosure provides methods to allow priori 
with advanced disease . Even though majority of patients tization of prostate cancer patients with favorable and poor 
initially respond to androgen - deprivation therapy ( ADT ) , androgen - deprivation therapy ( ADT ) response . Using a 
remission lasts 2-3 years on average , with eventual relapse method that integrated DNA methylation and mRNA expres 
and progression to castration - resistant disease , which is sion data , a panel of five differentially methylated sites were 
nearly always metastatic and lethal ( Karantanos et al . , 2013 , 30 identified which explain expression changes in their site 
Lallous et al . , 2016 ) . Resistance to ADT and the paucity of harboring genes , and demonstrated their ability to predict 
the therapeutic options for patients with castration - resistant primary resistance to ADT in the TCGA prostate cancer 
disease are among major clinical challenges in prostate patient cohort ( hazard ratio = 4.37 ) . Furthe ore , this panel 
cancer management ( Chandrasekar et al . , 2015 , Wallace et accurately predicted response to ADT across independent 
al . , 2014 , Stoyanova et al . , 2016 ) . 35 prostate cancer cohorts , which was not affected by Gleason , 

While multifaceted and heterogeneous , prostate cancer is age , or therapy subtypes . Based on these observations , this 
characterized by the scarcity of genomic mutations ( Marzese panel can be utilized to prioritize patients who would benefit 
and Hoon , 2015 ) and absence of well - defined subtypes from ADT and patients at risk of resistance that should be 
( Abeshouse et al . , 2015 , Schoenborn et al . , 2013 , Shen and offered an alternative regimen . 
Abate - Shen , 2010 ) , thus , making therapeutic management 40 Provided herein are methods of detecting expression , 
challenging . In the last decade , epigenomics has been at the DNA methylation , or both , of a plurality of markers . The 
center of scientific interest , including recognition of its role methods can include detecting or measuring expression of 
in cancer initiation and progression ( Baxter et al . , 2014 , chondroitin sulfate proteoglycan 5 ( CSPG5 ) , FK506 - bind 
Sharma al . , 2010 , Yao et al . , 2015 , Dhingra et al . , 2017 , ing protein 6 ( FKBP6 ) , FBJ murine osteosarcoma viral 
Urbanucci et al . , 2017 ) . In recent years , one of the most 45 oncogene homolog B ( FOSB ) , stathmin ( STMN1 ) , and 
commonly observed epigenomic means , chromatin accessi- tetratricopeptide repeat domain 27 ( TTC27 ) in a prostate 
bility ( i.e. , DNA methylation ) , has received attention due to cancer sample , measuring DNA methylation of CSPG5 , 
its role cell development ( Smith and Meissner , 2013 ) , FKBP6 , FOSB , STMN1 , and TTC27 in a prostate cancer 
genomic imprinting ( i.e. , biological process through which sample , or both . In some examples the expression and / or 
a gene carries information about its ancestor ) ( Butler , 2009 ) , 50 DNA methylation measured is compared to a control , such 
ageing ( Johnson et al . , 2012 ) and carcinogenesis ( Luczak as compared to expression and / or DNA methylation in a 
and Jagodzinski , 2006 , Wajed et al . , 2001 ) . DNA methyl- prostate cancer sample from a patient known to respond to 
ation ( FIG . 1 ) is the addition of methyl group to the fifth ADT ( or to a reference value or range of values representing 
position of cytosine ( converting it to 5 - methylcytosine ) . In such ) . 
mammals , methylation of cytosine often occurs in regions 55 Also provided herein are methods of identifying a subject 
where cytosine is followed by guanine ( connected through with prostate cancer who will respond to ADT . Such meth 
phosphate molecule ) , named a CpG site ( Deaton and Bird , ods can include measuring or detecting expression of 
2011 , Illingworth and Bird , 2009 ) . A DNA region with CSPG5 , FKBP6 , FOSB , STMN1 , and TTC27 in a prostate 
frequent occurrences of CpG sites is commonly known as a cancer sample from the subject relative to a control and / or 
CpG island or CGI ( Illingworth and Bird , 2009 , Gardiner- 60 measuring or detecting DNA methylation of CSPG5 , 
Garden and Frommer , 1987 ) . Interestingly , 70 % of gene FKBP6 , FOSB , STMN1 , and TTC27 in a prostate cancer 
promoter regions are associated with the CGIs , which can sample from the subject relative to a control . It is then 
alter gene regulation ( Deaton and Bird , 2011 ) . If a CGI determined that the subject with prostate cancer will not 
within the promoter region is methylated , it becomes occu- respond to ADT when it is determined that TTC27 , STMN1 , 
pied by the Methylated DNA Binding Protein ( MDBP ) 65 and CSPG5 have increased expression in the prostate cancer 
( Zhang et al . , 1986 ) , which competes with transcription sample from the subject relative to the control and that 
factor binding . MDBP can act as a transcription repressor or FOSB and FKBP6 have decreased expression in the prostate 

9 
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cancer sample from the subject relative to the control and / or administering a therapeutically effective amount of an ADT 
when it is determined that FKBP6 has increased DNA regimen ) , there by treating the prostate cancer . 
methylation in the prostate cancer sample from the subject The disclosed methods can include additional steps , such 
relative to the control and that FOSB , TTC27 , STMN1 , and as measuring prostate specific antigen ( PSA ) in a blood 
CSPG5 have decreased DNA methylation in the prostate 5 sample from the subject , determining a Gleason score for the 
cancer sample from the subject relative to the control . In prostate cancer , or combinations thereof . In some examples , 
contrast , it is determined that the subject with prostate the methods include obtaining the prostate cancer sample 
cancer will respond to ADT when it is determined that from the subject ; contacting the prostate cancer sample from 
TTC27 , STMN1 , and CSPG5 have decreased expression in the subject and the control with one or more binding agents 
the prostate cancer sample from the subject relative to the 10 ( e.g. , nucleic acid probe , nucleic acid primer , antibody ) 
control and that FOSB and FKBP6 have increased expres- specific for CSPG5 , FKBP6 , FOSB , STMN1 , and TTC27 ; 
sion in the prostate cancer sample from the subject relative or combinations thereof . In some examples , the methods 
to the control and / or when it is determined that FKBP6 has include measuring expression , DNA methylation , or both , of 
decreased DNA methylation in the prostate cancer sample at least one housekeeping molecule , such as tubulin , beta 
from the subject relative to the control and that FOSB , 15 actin , or both . 
TTC27 , STMN1 , and CSPG5 have increased DNA methyl- In some examples , measuring expression includes mea 
ation in the prostate cancer sample from the subject relative suring mRNA expression , protein expression , or both . In 
to the control . In such examples , the control can be expres- some examples measuring expression or measuring DNA 
sion and / or DNA methylation in a prostate cancer sample methylation comprises using a microscope device . 
from a patient known to respond to ADT ( or to a reference 20 In some examples the expression and / or DNA methyl 
value or range of values representing such ) . ation measured is compared to a control , such as compared 

Methods of treating prostate cancer are provided . Such to expression and / or DNA methylation measure or detected 
methods can include measuring or detecting expression of in a prostate cancer sample from a patient known to respond 
CSPG5 , FKBP6 , FOSB , STMN1 , and TTC27 in a prostate to ADT ( or compared to a reference value or range of values 
cancer sample from the subject relative to a control and / or 25 representing such ) . 
measuring or detecting DNA methylation of CSPG5 , Exemplary ADTs that can be administered to a subject 
FKBP6 , FOSB , STMN1 , and TTC27 in a prostate cancer identified as one having a prostate cancer that will respond 
sample from the subject relative to a control . The method to ADT include chemical castration , anti - androgen therapy , 
further includes administering a therapeutically effective or both . 
amount of ADT to the subject if it is determined that they 30 Also provided are sets of specific binding agents , such as 
will respond to ADT , for example , if it is determined that sets of nucleic acid probes , nucleic acid primers , and / or 
TTC27 , STMN1 , and CSPG5 have increased expression in antibodies ( e.g. , monoclonal or polyclonal or fragments 
the prostate cancer sample from the subject relative to the thereof ) , which are specific for each of CSPG5 , FKBP6 , 
control and that FOSB and FKBP6 have decreased expres- FOSB , STMN1 , and TTC2 . In some examples , such as set 
sion in the prostate cancer sample from the subject relative 35 includes a nucleic acid probe , a nucleic acid primer , or 
to the control and / or when it is determined that FKBP6 has antibody , specific for at least one housekeeping molecule 
increased DNA methylation in the prostate cancer sample ( e.g. , tubulin , beta - actin ) . In some examples , such a set is 
from the subject relative to the control and that FOSB , part of an array , for example the nucleic acid probes , nucleic 
TTC27 , STMN1 , and CSPG5 have decreased DNA meth acid primers , or antibodies , can be attached to a solid 
ylation in the prostate cancer sample from the subject 40 support . Kits that include a disclosed set of specific binding 
relative to the control . In contrast , the method further agents are also provided . Such a kit can further include other 
includes administering radiation therapy , chemotherapy reagents , such as a buffer , such as a hybridization buffer . 
( e.g. , docetaxel , cabazitaxel , mitoxantrone , estramustine , Such sets of specific binding agents and kits can be used to 
and / or prednisone ) or combinations thereof if it is deter perform steps of the disclosed methods . 
mined that they will not respond to ADT , for example , if it 45 The foregoing and other objects and features of the 
is determined that TTC27 , STMN1 , and CSPG5 have disclosure will become more apparent from the following 
decreased expression in the prostate cancer sample from the detailed description , which proceeds with reference to the 
subject relative to the control and that FOSB and FKBP6 accompanying figures . 
have increased expression in the prostate cancer sample 
from the subject relative to the control and / or when it is 50 BRIEF DESCRIPTION OF THE DRAWINGS 
determined that FKBP6 has decreased DNA methylation in 
the prostate cancer sample from the subject relative to the The patent or application file contains at least one drawing 
control and that FOSB , TTC27 , STMN1 , and CSPG5 have executed in color . Copies of this patent or patent application 
increased DNA methylation in the prostate cancer sample publication with color drawing ( s ) will be provided by the 
from the subject relative to the control . 55 Office upon request and payment of the necessary fee . 

In some examples , the method of treating prostate cancer FIG . 1. Schematic representation of the systematic inte 
includes measuring or detecting ( i ) decreased expression of grative approach . ( Top ) Non - responder and responder 
TTC27 , STMN1 , and CSPG5 and decreased expression of groups are compared for differentially methylated events / 
FOSB and FKBP6 in a prostate cancer sample from the sites . ( Middle ) Differential methylation is integrated with 
subject relative to a control , and / or ( ii ) decreased DNA 60 expression of site - harboring genes . ( Bottom ) Candidate site 
methylation of FKBP6 and increased DNA methylation gene panel is evaluated for clinical significance . 
FOSB , TTC27 , STMN1 , and CSPG in a prostate cancer FIGS . 2A - 2C . Analysis of therapeutic response defines 
sample from the subject relative to a control . If such changes signature of ADT resistance . ( FIG . 2A ) Schematic represen 
in expression and / or DNA methylation are detected in the tation of a treatment time - course . Scenario 1 : Time to 
prostate cancer sample , this indicates the subject from whom 65 treatment - related event : event occurred during the course of 
the sample was obtained will respond to ADT , and the the treatment or within 1.5 years after the treatment end . 
method can include treating the subject with ADT ( e.g. , Time between treatment start and a treatment - related event 

a 



US 11,299,786 B2 
5 6 

indicated . Scenario 2 : Time to follow - up : time between difference in treatment - related survival ( i.e. , treatment 
treatment - start and latest follow - up indicated . ( FIG . 2B ) response ) between groups 1 and 2 from FIG . 5A . Log - rank 
ADT response in the TCGA - PRAD cohort . Red vertical bars p - value and hazard ratio are indicated . ( FIG . 6C ) ROC 
correspond to time between treatment start and event . Blue analysis : AUROC indicates the ability of methylated sites 
circles define censored patients ( without events ) , indicating 5 and expression of site harboring genes can classify patients 
time between treatment start and latest follow - up . Non- into group 1 and group 2. ( FIG . 6D ) Violin plot for com 
responder ( n = 4 ) and responder ( n = 4 ) ( Table 3 ) patients are posite Stouffer integrated z - scores ( see Materials and Meth 
indicated . ( FIG . 2C ) Schematic depiction of the differential ods ) in group 1 ( n = 44 ) , group 2 ( n = 14 ) and SU2C ( n = 51 ) 2 
methylation signature between non - responder and responder cohorts . One - tail two - sample Welch t - test p - values are indi 
patients , sorted from sites whose methylation did not change 10 cated . ( FIG . 6E ) t - SNE clustering ( all 5 dimensions consid 
( left tail ) to sites with significant differential methylation ered ) based on 5 site - gene panel in Grasso et al cohort 
( right tail ) . Signature was defined as a list of sites ordered by ( n = 91 ) ( Grasso et al . , 2012 ) ; and ( FIG . 6F ) Cai et al ( n = 40 ) 
-log 10 ( p - value ) from the two - sample two - tail t - test com- ( Cai et al . , 2013 ) cohort ; is able to separates androgen 
paring non - responder and responder patient groups . sensitive ( AS , light blue ) from castration - resistant prostate 
FIG . 3 : GSEA comparison of parametric and non - para- 15 cancer ( failed ADT , grey ) samples ( sensitivity = 100 % for 

metric differential methylation signatures . GSEA comparing failed ADT CRPC selection : 33/33 for Grasso et al . , and 
a parametric ADT resistance differential methylation signa- 19/19 for Cai et al . ) . 
ture , based on two - sample two - tail Student t - test p - values FIGS . 7A - 7B . Treatment - related survival analysis of can 
( used as a reference signature ) , and a non - parametric ADT didate 5 site - gene panel in TCGA , Beltran et al , and PRO 
resistance differential methylation signature , based on 20 MOTE patient cohorts . ( FIG . 7A ) Treatment - related 
empirically estimated p - values ( from 10,000 site permuta- Kaplan - Meier survival analysis of candidate 5 site - gene 
tions , sites with p < 0.001 , used as a query gene set ) . panel in TCGA Gleason 7 and Gleason 8-9 , demonstrating 

FIGS . 4A - 4C . Methylation sites from TSS 200/1500 , that therapeutic predictive ability of the identified 5 site 
5'UTR , and 1st exon regions are enriched in methylation gene panel is independent of Gleason score . Log - rank p - val 
signature of ADT resistance . ( FIG . 4A ) Schematic diagram 25 ues are indicated . ( FIG . 7B ) ROC analysis comparing 
showing methylation regions profiled on the HumanMeth- TCGA - PRAD ( groupl ) with Beltran et al ( green ) and PRO 
ylation450 array . ( FIG . 4B ) Scatter plots depicting enrich- MOTE ( brown ) patient cohorts . AUROC is indicated . 
ment of each region ( i.e. , site location ) in the differential FIGS . 8A - 8D . Multimodal comparative analysis demon 
methylation signature . A reference methylation signature ( as strates significance of the 5 site - gene panel . ( FIG . 8A ) 
in FIG . 2C , ranked from the least differentially methylated 30 Comparing 5 site - gene panel ( grey bars ) to commonly used 
( left ) to the most differentially methylated ( right ) ) is divided methods , including differential methylation ( black bars ) , 
into 100 site - long steps and contribution of each region is differential expression ( red bars ) , Pearson correlation 
calculated as % region inside each step . ( FIG . 4C ) Odds , between methylation and expression ( pink bars ) , top 5 
Fisher Exact Test ( FET ) and Gene Set Enrichment Analysis differentially methylated sites ( dark red ) , and top 5 differ 
( GSEA ) demonstrate statistical significance of the region 35 entially expressed genes ( brown ) through log - rank p - value , 
enrichment from FIG . 4B . For odds and FET , 500 most hazard ratio and concordance index . * indicates statistically 
differentially methylated sites were considered for signifi- significant changes ( log - rank p = 0.019 ; HR p = 0.03 ; c - index 
cance testing . For GSEA , differential methylation signature p = 0.0001 ) ( FIG . 8B ) Random models to evaluate the ability 
( FIG . 2C ) was utilized as a reference and sites from each of the 5 site - gene pairs chosen at random to separate patients 
region were utilized as query sets . P - value was estimated 40 into groups with different treatment response . Distributions 
with 1,000 site permutations . of log - rank p - values from the random models indicate the 

FIGS . 5A - 5D . Integrative ( epi ) genomic analysis identi- significance of the predictive ability of our identified 5 
fies a 5 site - gene panel . ( FIG . 5A ) Schematic representation site - gene panel . ( FIG . 8C ) Robustness analysis measuring 
of the integrative ( epi ) genomic analysis : ( top ) identification predictive ability of the identified 5 site - gene panel across 
of differentially methylated sites ; ( middle ) Pearson correla- 45 increasing FP and FN rates . ( FIG . 8D ) Multivariable Cox 
tion analysis ( i.e. , pre - screening ) between methylation levels proportional hazard model demonstrates that commonly 
of the sites and mRNA expression levels of the site - harbor- used prognostic clinical variables do not predict ADT 
ing genes ; ( bottom ) linear regression analysis to identify response and do not affect predictive ability of the identified 
sites that can explain expression changes of the site - harbor- panel ( Wald test Cox p - values indicated ) . 
ing genes . ( FIG . 5B ) Volcano plot of the differentially 50 FIGS . 9A - 9C . Multimodal analysis of signature thresh 
methylated sites , with under - methylated ( blue ) and over- olds and negative control dataset . ( FIG . 9A ) Area Under 
methylated ( red ) sites indicated ( at p - value < 0.001 , n = 144 ) . ROC distribution ( y - axis ) as a function of varying methyl 
( FIG . 5C ) Scatter plot depicting the relationship between ation signature threshold ( x - axis ) . ( FIG . 9B ) Area Under 
differential methylation ( y - axis ) and site - gene ( i.e. , methyl- ROC distribution ( y - axis ) as a function of varying correla 
ation - expression ) Pearson correlation ( x - axis ) for the 144 55 tion threshold ( x - axis ) . ( FIG . 9C ) Kaplan - Meier survival 
significantly methylated sites from FIG . 4B . ( FIG . 5D ) analysis on Sboner et al dataset demonstrates that therapeu 
Linear regression analysis between site methylation values tic predictive ability of the identified 5 site - gene panel is 
and mRNA expression of their site - harboring genes ( linear independent of disease progression . Log - rank p - value and 
regression at p < 0.05 shown ) , with non - responder ( coral ) and hazard ratio are indicated . 
responder ( aquamarine ) samples indicated . The x and y axes 60 FIG . 10. Heatmap of gene expression for AR , ERG , 
depict Z - scored methylation M - values and DESeq2 normal- TMPRSS2 , FOXA1 , NKX3-1 , and PTEN in two patient 
ized expression values . groups , Group 1 having a favorable ADT response and 

FIGS . 6A - 6F . Five site - gene ( epi ) genomic panel predicts Group 2 having an unfavorable ADT response . The heatmap 
ADT failure in independent patient cohorts . ( FIG . 6A ) shows no visual differences between the two groups and , 
t - SNE clustering identifies two groups of patients : group 1 65 thus , demonstrates that expression of AR , ERG , TMPRSS2 , 
and group 2 ( a full set of 5 dimensions considered ) . ( FIG . FOXA1 , NKX3-1 , and PTEN do not predict a response to 
6B ) Kaplan - Meier survival analysis identifies the significant ADT . 
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SEQUENCE LISTING ates , 1992 ( and Supplements to 2000 ) ; Ausubel et al . , Short 
Protocols in Molecular Biology : A Compendium of Methods 

The nucleic acid sequences listed in the accompanying from Current Protocols in Molecular Biology , 4th ed . , Wiley 
sequence listing are shown using standard letter abbrevia- & Sons , 1999 ; Harlow and Lane , Antibodies : A Laboratory 
tions for nucleotide bases as defined in 37 C.F.R. 1.822 . 5 Manual , Cold Spring Harbor Laboratory Press , 1990 ; and 
Only one strand of each nucleic acid sequence is shown , but Harlow and Lane , Using Antibodies : A Laboratory Manual , 
the complementary strand is understood as included by any Cold Spring Harbor Laboratory Press , 1999 . 
reference to the displayed strand . The Sequence Listing is In order to facilitate review of the various embodiments of 
submitted as an ASCII text file , created on Jun . 18 , 2019 , 14 the disclosure , the following explanations of specific terms 
KB , which is incorporated by reference herein . In the 10 are provided : 
accompanying sequence listing : 
SEQ ID NO : 1 is an exemplary human CSPG5 coding I. Terms 

sequence . 
SEQ ID NO : 2 is an exemplary human FKBP6 coding Adjunctive therapy : A treatment used in combination with 

sequence . 15 a primary treatment to improve the effects of the primary 
SEQ ID NO : 3 is an exemplary human FOSB coding treatment . For example , adjunctive therapy can include drug 

sequence . therapy ( e.g. , antiandrogen or chemical castration ) that is 
SEQ ID NO : 4 is an exemplary human STMN1 coding administered following surgical resection of cancerous tis 

sequence . sue . In example , adjunctive therapy can include surgery 
SEQ ID NO : 5 is an exemplary human TTC27 coding 20 ( such as prostatectomy ) before or following ADT . In some 

sequence . examples , ADT is use as an adjunctive therapy with radia 
tion therapy in the treatment of prostate cancer . 

DETAILED DESCRIPTION Administration : To provide or give a subject a therapeutic 
intervention , such as a therapeutic drug , procedure , or pro 

Unless otherwise noted , technical terms are used accord- 25 tocol ( e.g. , for a subject with prostate cancer , anti - androgen , 
ing to conventional usage . Definitions of common terms in prostatectomy , and active surveillance , respectively ) . Exem 
molecular biology may be found in Benjamin Lewin , Genes plary routes of administration for drug therapy include , but 
VII , published by Oxford University Press , 2000 ( ISBN are not limited to , oral , injection ( such as subcutaneous , 
019879276X ) ; Kendrew et al . ( eds . ) , The Encyclopedia of intramuscular , intradermal , intraperitoneal , intratumoral , 
Molecular Biology , published by Blackwell Publishers , 30 intraprostatic , and intravenous ) , sublingual , rectal , transder 
1994 ( ISBN 0632021829 ) ; Robert A. Meyers ( ed . ) , Molecu- mal , intranasal , and inhalation routes . In one example 
lar Biology and Biotechnology : a Comprehensive Desk administration of a drug is via an implant under the skin . 
Reference , published by Wiley , John & Sons , Inc. , 1995 Androgen deprivation therapy ( ADT ) : Also known as 
( ISBN 0471186341 ) ; and George P. Rédei , Encyclopedic androgen suppression therapy , is an anti - hormone therapy 
Dictionary of Genetics , Genomics , and Proteomics , 2nd 35 used in the treatment of prostate cancer . ADT reduces the 
Edition , 2003 ( ISBN : 0-471-26821-6 ) . levels of androgen hormones , with drugs or surgery , to 

The singular forms “ a , " " an , ” and “ the ” refer to one or prevent prostate cancer cells from growing . Pharmaceutical 
more than one , unless the context clearly dictates otherwise . approaches include antiandrogens ( e.g. , cyproterone acetate , 
For example , the term " comprising a drug ” includes single flutamide , nilutamide , bicalutamide , enzalutamide , those 
or plural probes and is considered equivalent to the phrase 40 that target testosterone synthesis ( e.g. , abiraterone acetate 
" comprising at least one drug . ” The term “ or ” refers to a and seviteronel ) , target AR nuclear translocation ( e.g. , 
single element of stated alternative elements or a combina- enzalutamide , apalutamide , and darolutamide ) , and com 
tion of two or more elements , unless the context clearly bined therapies ( e.g. , galeterone ) . Another pharmaceutical 
indicates otherwise . As used herein , “ comprises ” means approach is chemical castration . A surgical approach 
“ includes . ” Thus , “ comprising A or B , ” means “ including A , 45 includes orchiectomy . 
B , or A and B , ” without excluding additional elements . Binding or stable binding : An association between two 

Although methods and materials similar or equivalent to substances or molecules , such as the hybridization of one 
those described herein can be used in the practice or testing nucleic acid molecule to another ( or itself ) , the association 
of the present disclosure , suitable methods and materials are of an antibody with a peptide , or the association of a protein 
described below . All publications , patent applications , pat- 50 with another protein or nucleic acid molecule . An oligo 
ents , and other references mentioned herein are incorporated nucleotide molecule binds or stably binds to a target nucleic 
by reference in their entirety , as are the GenBank® Acces- acid molecule if a sufficient amount of the oligonucleotide 
sion numbers ( for the sequence present on Jul . 5 , 2018 ) . In molecule forms base pairs or is hybridized to its target 
case of conflict , the present specification , including expla- nucleic acid molecule , to permit detection of that binding . 
nations of terms , will control . In addition , the materials , 55 “ Preferentially binds ” indicates that one molecule binds to 
methods , and examples are illustrative only and not intended another with high affinity , and binds to heterologous mol 
to be limiting . ecules at a low affinity . 

Except as otherwise noted , the methods and techniques of Binding can be detected by any procedure known to one 
the present disclosure are generally performed according to skilled in the art , such as by physical or functional properties 
conventional methods well known in the art and as described 60 of the target : oligonucleotide complex . For example , binding 
in various general and more specific references that are cited can be detected functionally by determining whether binding 
and discussed throughout the present specification . See , e.g. , has an observable effect upon a biosynthetic process such as 
Sambrook et al . , Molecular Cloning : A Laboratory Manual , expression of a gene , DNA replication , transcription , trans 
2d ed . , Cold Spring Harbor Laboratory Press , 1989 ; Sam- lation , and the like . 
brook et al . , Molecular Cloning : A Laboratory Manual , 3d 65 Physical methods of detecting the binding of complemen 
ed . , Cold Spring Harbor Press , 2001 ; Ausubel et al . , Current tary strands of nucleic acid molecules , include but are not 
Protocols in Molecular Biology , Greene Publishing Associ- limited to , such methods as DNase I or chemical footprint 
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ing , gel shift and affinity cleavage assays , Northern blotting , STMN1 , or TTC27 ) occurs in vitro by adding the nucleic 
dot blotting and light absorption detection procedures . For acid probe or primer to a biological sample containing the 
example , one method involves observing a change in light nucleic acid molecule , or to isolated nucleic acid molecules 
absorption of a solution containing an oligonucleotide ( or an obtained from the sample . 
analog ) and a target nucleic acid at 220 to 300 nm as the 5 Control : A sample or standard used for comparison with 
temperature is slowly increased . If the oligonucleotide or an experimental sample , such as a prostate cancer sample , 
analog has bound to its target , there is a rapid increase in such as one known to respond to ADT ( or one known not to 
absorption at a characteristic temperature as the oligonucle- respond to ADT ) . In some embodiments , the control is a 
otide ( or analog ) and target disassociate from each other , or historical control or standard reference value or range of 
melt . In another example , the method involves detecting a 10 values ( e.g. , a previously tested control sample , such as a 
signal , such as one or more detectable labels , present on one group of prostate cancer patients who did or did not respond 
or both nucleic acid molecules ( or antibody or protein as to ADT , or group of samples that represent baseline or 
appropriate ) . Methods of detecting binding of an antibody to normal values , such as the level of CSPG5 , FKBP6 , FOSB , 
a protein include Western blotting . STMN1 , or TTC27 expression or methylation in normal 

The binding between an oligomer ( such as a probe or 15 prostate tissue ) . Laboratory standards and values can be set 
primer ) and its target nucleic acid ( such as CSPG5 , FKBP6 , based on a known or determined population value and can 
FOSB , STMN1 , or TTC27 ) can be characterized by the be supplied in the format of a graph or table that permits 
temperature ( Tm ) at which 50 % of the oligomer is melted comparison of measured , experimentally determined values . 
from its target . A higher ( Tm ) means a stronger or more Detecting or measuring expression : Determining the level 
stable complex relative to a complex with a lower ( Tm ) . 20 expression in either a qualitative or quantitative manner by 

Clinical outcome : Refers to the health status of a patient detection of nucleic acid molecules ( e.g. , at the genomic or 
following treatment for a disease or disorder , or in the mRNA level ) or proteins . Exemplary methods include 
absence of treatment . Clinical outcomes include , but are not microarray analysis , PCR ( such as RT - PCR ) , Northern blot , 
limited to , an increase in the length of time until death , a Western blot , ELISA , and mass spectrometry . 
decrease in the length of time until death , an increase in the 25 Differential / altered expression or differential / altered 
chance of survival , an increase in the risk of death , survival , DNA methylation : A difference , such as an increase or 
disease - free survival , chronic disease , metastasis , advanced decrease , in the conversion of the information encoded in a 
or aggressive disease , disease recurrence , death , and favor- gene ( such as a CSPG5 , FKBP6 , FOSB , STMN1 , or TTC27 ) 
able or poor response to therapy ( such as ADT ) . into messenger RNA , the conversion of mRNA to a protein , 

Chondroitin sulfate proteoglycan 5 ( CSPG5 ) : e.g. , OMIM 30 or both . It can also be an increase or decrease in the amount 
606775. Includes mammalian ( such as human ) CSPG5 of DNA methylation of a gene ( such as a CSPG5 , FKBP6 , 
nucleic acid molecules ( e.g. , gene , cDNA , and mRNA ) and FOSB , STMN1 , or TTC27 ) . In some examples , the differ 
proteins . CSPG5 is a proteoglycan that may function as a ence is relative to a control or reference value ( or range of 
neural growth and differentiation factor . The 539 - amino acid values ) , such as the average expression value or average 
human protein has a multidomain structure consisting of an 35 amount of DNA methylation value , of a group of subjects , 
N - terminal signal sequence , a chondroitin sulfate - attach- such as prostate cancers that respond to ADT . Detecting 
ment domain , an acidic amino acid cluster , an EGF - like differential expression and / or DNA methylation can include 
domain , a transmembrane domain , and a cytoplasmic tail . measuring a change in gene or protein expression and / or 
The human and rat proteins share 86 % homology . In DNA methylation , such as a change in expression and / or 
humans , there are at least five different transcript variants 40 DNA methylation of CSPG5 , FKBP6 , FOSB , STMN1 , and 
( e.g. , GenBank Accession Nos . NM_006574.3 , TTC27 , such as an increase of at least 20 % , at least 50 % , at 
NM_001206942.1 , NM_001206943.1 , NM_001206944.1 , least 75 % , at least 90 % , at least 100 % , at least 200 % , at least 
and NM_001206945.1 , variants 1-5 , respectively ) . In par- 300 % at least 400 % , or at least 500 % , or a decrease of at 
ticular examples , CSPG5 DNA methylation and / or expres- least 20 % , at least 50 % , at least 75 % , at least 90 % , or at least 
sion , along with DNA methylation and / or expression of 45 95 % . 
FKBP6 , FOSB , STMN1 , and TTC27 is correlated with Downregulated or decreased : When used in reference to 
prostate cancer responsiveness to ADT . the expression of a nucleic acid molecule , refers to any 
CSPG5 sequences are publically available . For example , process which results in a decrease in production of a gene 

GenBank Accession Nos . NM_006574.3 , NM_019284.1 product . A gene product can be RNA ( such as microRNA , 
and NM_013884.3 disclose exemplary human , rat , and 50 mRNA , rRNA , TRNA , and structural RNA ) or protein . 
mouse CSPG5 coding sequences , respectively . GenBank Therefore , gene downregulation or deactivation includes 
Accession Nos . NP_006565.2 , NP_062157.1 , and processes that decrease transcription of a gene or translation 
NP_038912.3 disclose exemplary human , rat , and mouse of mRNA . Gene downregulation includes any detectable 
CSPG5 protein sequences , respectively . One skilled in the decrease in the production of a gene product . In certain 
art will appreciate that CSPG5 nucleic acid and protein 55 examples , production of a gene product decreases by at least 
molecules analyzed using the disclosed methods can vary 20 % , at least 50 % , at least 75 % , at least 90 % , at least 2 - fold , 
from those publicly available , while still being CSPG5 ( e.g. , at least 3 - fold or at least 4 - fold , as compared to a control 
one whose DNA methylation and / or expression , along with ( such an amount of expression in a prostate cancer sample 
DNA methylation and / or expression of FKBP6 , FOSB , from a patient ( s ) known to respond to ADT ) . 
STMN1 , and TTC27 , is correlated with prostate cancer 60 When used in reference to the DNA methylation of a 
responsiveness to ADT ) . nucleic acid molecule ( e.g. , gene ) , refers to any process 

Contacting : Placement in direct physical association , which results in a decrease in the amount of DNA methyl 
including both solid and liquid forms . Contacting an agent ation observed or detected in a gene ( such as a CSPG5 , 
with a cell can occur in vitro by adding the agent to isolated FKBP6 , FOSB , STMN1 , or TTC27 ) . Decreased DNA meth 
cells or in vivo by administering the agent to a subject . In 65 ylation includes any detectable decrease in the DNA meth 
one example , contacting a nucleic acid probe or primer with ylation of a gene . In certain examples , DNA methylation of 
a target nucleic acid molecule ( e.g. , CSPG5 , FKBP6 , FOSB , a gene product decreases by at least 2 - fold , for example at 
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least 3 - fold or at least 4 - fold , as compared to a control ( such FKBP6 sequences are publically available . For example , 
an amount of DNA methylation in a prostate cancer sample GenBank Accession Nos . NM_003602.4 , NM_001105922.1 
from a patient ( s ) known to respond to ADT ) . and NM_033571.3 disclose exemplary human , rat , and 

Expression : The process by which the coded information mouse FKBP6 coding sequences , respectively . GenBank 
of a gene is converted into an operational , non - operational , 5 Accession Nos . NP_003593.3 , NP_001099392.1 , and 
or structural part of a cell , such as the synthesis of a protein . NP_291049.1 disclose exemplary human , rat , and mouse 
Gene expression can be influenced by external signals . For FKBP6 protein sequences , respectively . One skilled in the 
instance , exposure of a cell to a hormone may stimulate art will appreciate that FKBP6 nucleic acid and protein 
expression of a hormone - induced gene . Different types of molecules analyzed using the disclosed methods can vary 
cells can respond differently to an identical signal . Expres- from those publicly available , while still being FKBP6 ( e.g. , 
sion of a gene also can be regulated anywhere in the pathway one whose DNA methylation and / or expression , along with 
from DNA to RNA to protein . Regulation can include DNA methylation and / or expression of CSPG5 , FOSB , 
controls on transcription , translation , RNA transport and STMN1 , and TTC27 , is correlated with prostate cancer 
processing , degradation of intermediary molecules such as responsiveness to ADT ) . 
mRNA , or through activation , inactivation , compartmental FBJ murine osteosarcoma viral oncogene homolog B ization or degradation of specific protein molecules after ( FOSB ) : e.g. , OMIM 164772. Includes mammalian ( such as they are produced . In an example , gene expression can be human ) FOSB nucleic acid molecules ( e.g. , gene , cDNA , monitored to diagnose and / or prognose a subject with pros and mRNA ) and proteins . FOSB is a member of the FOS 
tate cancer , such as predict a subject's ability to respond to 20 gene family , each of which encodes a leucine zipper protein 
ADT . that can dimerize with proteins of the JUN family ( e.g. , The expression of a nucleic acid molecule can be altered C - Jun , JunD ) , thereby forming the transcription factor com 
relative to a normal ( wild type ) nucleic acid molecule . plex AP - 1 . This FOSB is a subunit of the AP - 1 transcription Alterations in gene expression , such as differential expres factor complex . As such , the FOS proteins have been sion , include but are not limited to : ( 1 ) overexpression ; ( 2 ) 25 implicated as regulators of cell proliferation , differentiation , underexpression ; or ( 3 ) suppression of expression . Alterna and transformation . FosB and its truncated splice variants , tions in the expression of a nucleic acid molecule can be AFosB ( FOSB 1-237 , missing the C - terminal 101 amino associated with , and in fact cause , a change in expression of acids of FosB ) and further truncated A2 FosB ( FOSB the corresponding protein . 79-237 ) , are all involved in osteosclerosis . There are at least Gene expression profile ( or fingerprint ) : Differential or 2 transcript variants of FosB ( e.g. , GenBank Accession Nos . 
altered gene expression can be detected by changes in the NM_006732.2 and NM_001114171.1 , variants 1-2 , respec 
detectable amount of gene expression ( such as cDNA or tively ) . In particular examples , FOSB expression and / or 
mRNA ) or by changes in the detectable amount of proteins DNA methylation , along with DNA methylation and / or expressed by those genes . A distinct or identifiable pattern of 35 expression of CSPG5 , FKBP6 , STMN1 , and TTC27 , is gene expression , for instance a pattern of high and / or low correlated with prostate cancer responsiveness to ADT . expression of a defined set of genes ( such as a CSPG5 , 
FKBP6 , FOSB , STMN1 , and TTC27 ) . A gene expression FOSB sequences are publically available . For example , 
profile ( also referred to as a fingerprint ) can be linked to a GenBank Accession Nos . NM_006732.2 , NM_001256509.1 
tissue or cell type ( such as prostate cancer ) , to a response to and NM_008036.2 disclose exemplary human , rat , and 
a therapy ( such as ADT ) , or to any other distinct or identi- mouse FOSB coding sequences , respectively . GenBank 
fiable condition that influences gene expression . Gene Accession Nos . NP_006723.2 , NP_001243438.1 , and 
expression profiles can include relative as well as absolute NP_032062.1 disclose exemplary human , rat , and mouse 
expression levels of specific genes , and can be viewed in the FOSB protein sequences , respectively . One skilled in the art 
context of a test sample compared to a baseline or control 45 will appreciate that FOSB nucleic acid and protein mol 
sample profile ( such as a prostate cancer sample from a ecules analyzed using the disclosed methods can vary from subject known to respond to ADT ) . In one example , a gene those publicly available , while still being FOSB ( e.g. , one expression profile in a subject is read on an array ( such as a 
nucleic acid or protein array ) . whose DNA methylation and / or expression , along with 
FK506 - binding protein 6 ( FKBP6 ) : e.g. , OMIM 604839. 50 DNA methylation and / or expression of CSPG5 , FKBP6 , 

Includes mammalian ( such as human ) FKBP6 nucleic acid STMN1 , and TTC27 , is correlated with prostate cancer 
molecules ( e.g. , gene , cDNA , and mRNA ) and proteins . responsiveness to ADT ) . 
FKBP plays a role in homologous chromosome pairing in Hybridization : To form base pairs between complemen 
meiosis during spermatogenesis . Mutations in FKBP6 have 55 tary regions of two strands of DNA , RNA , or between DNA 
been associated with male infertility in humans . FKBP6 is and RNA , thereby forming a duplex molecule . Hybridiza deleted in Williams syndrome , but this hemizygous loss of tion conditions resulting in particular degrees of stringency FKBP6 is not associated with infertility . An FKBP6 protein will vary depending upon the nature of the hybridization can include 3 a - helices and 11 B - sheet strands . In some method and the composition and length of the hybridizing examples , FKBP6 is an immunosuppressant . There are at 
least 4 transcript variants of FKBP6 ( e.g. , GenBank Acces nucleic acid sequences . Generally , the temperature of 
sion Nos . NM_003602.4 , NM_001135211.2 , hybridization and the ionic strength ( such as the Nat con 
NM_001281304.1 , NM_001362789.1 , variants 1-4 , respec centration ) of the hybridization buffer will determine the 
tively ) . In particular examples , FKBP6 expression and / or stringency of hybridization . Calculations regarding hybrid 
DNA methylation , along with DNA methylation and / or 65 ization conditions for attaining particular degrees of strin 
expression of CSPG5 , FOSB , STMN1 , and TTC27 , is gency are discussed in Sambrook et al . , ( 1989 ) Molecular 
correlated with prostate cancer responsiveness to ADT . Cloning , second edition , Cold Spring Harbor Laboratory , 
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Plainview , N.Y. ( chapters 9 and 11 ) . The following is an occurring portions , such as altered sugar moieties or inter 
exemplary set of hybridization conditions and is not limit- sugar linkages , such as a phosphorothioate oligodeoxynucle 
ing : otide . 

Very High Stringency ( Detects Sequences that Share at Particular oligonucleotides and oligonucleotide analogs 
Least 90 % Identity ) can include linear sequences up to about 200 nucleotides in 

Hybridization : 5xSSC at 65 ° C. for 16 hours length , for example a sequence ( such as DNA or RNA ) that 
Wash twice : 2xSSC at room temperature ( RT ) for 15 is at least 6 nucleotides , for example at least 8 , at least 10 , 

minutes each at least 15 , at least 20 , at least 21 , at least 25 , at least 30 , at 
Wash twice : 0.5XSSC at 65 ° C. for 20 minutes each least 35 , at least 40 , at least 45 , at least 50 , at least 100 or 
High Stringency ( Detects Sequences that Share at Least 10 even at least 200 nucleotides long , or from about 6 to about 

80 % Identity ) 50 nucleotides , for example about 10-25 nucleotides , such as 
Hybridization : 5x - 6xSSC at 65 ° C. - 70 ° C. for 16-20 12 , 15 or 20 nucleotides . In one example , an oligonucleotide 

is a short sequence of nucleotides of CSPG5 , FKBP6 , 
Wash twice : 2xSSC at RT for 5-20 minutes each FOSB , STMN1 , or TTC27 ( e.g. , of any one of SEQ ID NOS : 
Wash twice : 1xSSC at 55 ° C. - 70 ° C. for 30 minutes each 15 1-5 ) . 
Low Stringency ( Detects Sequences that Share at Least Oligonucleotide probe : A sequence of nucleotides , such as 

60 % Identity ) at least 8 , at least 10 , at least 15 , at least 20 , at least 21 , at 
Hybridization : 6xSSC at RT to 55 ° C. for 16-20 hours least 25 , at least 30 , at least 40 , at least 50 , or at least 55 
Wash at least twice : 2x - 3xSSC at RT to 55 ° C. for 20-30 nucleotides in length , used to detect the presence of a 

minutes each . 20 complementary sequence by molecular hybridization . In 
Isolated : An “ isolated ” biological component ( such as a particular examples , oligonucleotide probes include one or 

nucleic acid molecule , protein , or cell ) has been substan- more labels that permits detection of oligonucleotide probe : 
tially separated or purified away from other biological target sequence hybridization complexes . In one example , 
components in the cell of the organism , or the organism an oligonucleotide probe is used to detect the presence of 
itself , in which the component naturally occurs , such as 25 CSPG5 , FKBP6 , FOSB , STMN1 , or TTC27 . Thus , in some 
other chromosomal and extra - chromosomal DNA and RNA , examples , an oligonucleotide probe has sufficient comple 
proteins and cells . Nucleic acid molecules and proteins that mentary to a region of any one of SEQ ID NOS : 1-5 . In some 
have been “ isolated ” include nucleic acid molecules and examples , an oligonucleotide probe has sufficient comple 
proteins purified by standard purification methods . The term mentary to a promoter region of CSPG5 , FKBP6 , FOSB , 
also embraces nucleic acid molecules and proteins prepared 30 STMN1 , or TTC27 , such as any one of SEQ ID NOS : 1-5 . 
by recombinant expression in a host cell as well as chemi- Polymerase Chain Reaction ( PCR ) : An in vitro amplifi 
cally synthesized nucleic acid molecules and proteins . cation technique that increases the number of copies of a 

Label : An agent capable of detection , for example by nucleic acid molecule ( for example , a nucleic acid molecule 
ELISA , spectrophotometry , flow cytometry , or microscopy . in a sample or specimen ) . In an example , a biological sample 
For example , a label can be attached ( such as covalently 35 collected from a subject ( such as a prostate cancer sample ) 
attached ) to a nucleic acid molecule ( such as a nucleic acid is contacted with a pair of oligonucleotide primers ( such as 
probe ) or protein ( e.g. , antibody or fragment thereof ) , those specific for CSPG5 , FKBP6 , FOSB , STMN1 , or 
thereby permitting detection of the nucleic acid molecule or TTC27 , such as any one of SEQ ID NOS : 1-5 ) , under 
protein . Examples of labels include , but are not limited to , conditions that allow for the hybridization of the primers to 
radioactive isotopes , enzyme substrates , co - factors , ligands , 40 nucleic acid template in the sample . The primers are 
chemiluminescent agents , fluorophores , haptens , enzymes , extended under suitable conditions , dissociated from the 
and combinations thereof . Methods for labeling and guid- template , and then re - annealed , extended , and dissociated to 
ance in the choice of labels appropriate for various purposes amplify the number of copies of the nucleic acid . The 
are discussed for example in Sambrook et al . ( Molecular product of a PCR can be characterized by electrophoresis , 
Cloning : A Laboratory Manual , Cold Spring Harbor , N.Y. , 45 restriction endonuclease cleavage patterns , oligonucleotide 
1989 ) and Ausubel et al . ( In Current Protocols in Molecular hybridization or ligation , and / or nucleic acid sequencing , or 
Biology , John Wiley & Sons , New York , 1998 ) . In particular other techniques . 
examples , a label is conjugated to a binding agent that Primers : Short nucleic acid molecules , for instance DNA 
specifically binds to CSPG5 , FKBP6 , FOSB , STMN1 , or oligonucleotides 10 to 100 nucleotides in length , such as 
TTC27 . 50 about 15 , 20 , 25 , 30 or 50 nucleotides or more in length . 

Malignant : Cells that have the properties of anaplasia , Primers can be annealed to a complementary target DNA 
invasion and metastasis . strand by nucleic acid hybridization to form a hybrid 
Mammal : This term includes both human and non - human between the primer and the target DNA strand . Primer pairs 

mammals . can be used for amplification of a nucleic acid sequence , 
Examples of mammals include , but are not limited to : 55 such as by PCR or other nucleic acid amplification methods . 

humans , pigs , cows , goats , cats , dogs , rabbits and mice . Methods for preparing and using nucleic acid primers are 
Nucleic acid array : An arrangement of nucleic acids ( such described , for example , in Sambrook et al . ( In Molecular 

as DNA or RNA ) in assigned locations on a matrix , such as Cloning : A Laboratory Manual , CSHL , New York , 1989 ) , 
that found in cDNA arrays , mRNA arrays , or oligonucle- Ausubel et al . ( ed . ) ( In Current Protocols in Molecular 
otide arrays . In some examples , the nucleic acid molecules 60 Biology , John Wiley & Sons , New York , 1998 ) , and Innis et 
are attached covalently to the array . al . ( PCR Protocols , A Guide to Methods and Applications , 

Oligonucleotide : A plurality of joined nucleotides joined Academic Press , Inc. , San Diego , Calif . , 1990 ) . PCR primer 
by native phosphodiester bonds , for example between about pairs can be derived from a known sequence , for example , 
6 and about 300 nucleotides in length . An oligonucleotide by using computer programs intended for that purpose such 
analog refers to moieties that function similarly to oligo- 65 as Primer ( Version 0.5 , © 1991 , Whitehead Institute for 
nucleotides but have non - naturally occurring portions . For Biomedical Research , Cambridge , Mass . ) . One of ordinary 
example , oligonucleotide analogs can contain non - naturally skill in the art will appreciate that the specificity of a 
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particular primer increases with its length . Thus , in order to more pure than in an environment including a complex 
obtain greater specificity , primers can be selected that mixture of nucleic acid molecules . 
include at least 20 , at least 25 , at least 30 , at least 35 , at least Sample : A biological specimen containing genomic DNA , 
40 , at least 45 , at least 50 or more consecutive nucleotides RNA ( e.g. , mRNA ) , protein , or combinations thereof , 
of target nucleic acid sequence ( such as a CSPG5 , FKBP6 , 5 obtained from a subject . Examples include , but are not 
FOSB , STMN1 , or TTC27 , such as any one of SEQ ID limited to , peripheral blood , serum , plasma , urine , ejaculate , 
NOS : 1-5 ) . saliva , tissue biopsy , fine needle aspirate , surgical specimen , 

Prognosis : A prediction of the course of a disease , such as and autopsy material . In one example , a sample is a prostate 
prostate cancer . The prediction can include determining the cancer sample . In some examples , samples are used directly 
likelihood of a subject to develop aggressive , recurrent 10 in the methods provided herein . In some examples , samples 
disease , to survive a particular amount of time ( e.g. deter are manipulated prior to analysis using the disclosed meth 
mine the likelihood that a subject will survive 1 , 2 , 3 or 5 ods , such as through concentrating , filtering , centrifuging , 

diluting , desalting , denaturing , reducing , alkylating , proteo years ) , to respond to a particular therapy ( e.g. , ADT ) , or lyzing , or combinations thereof . In some examples , compo combinations thereof . 15 nents of the samples are isolated or purified prior to analysis 
Prostate cancer : Also known as carcinoma of the prostate , using the disclosed methods , such as isolating cells , pro prostate cancer is the development of cancer in the prostate , teins , and / or nucleic acid molecules from the samples . a gland in the male reproductive system . Most prostate Sequence identity / similarity : The identity / similarity 

cancers are slow growing ; however , some grow relatively between two or more nucleic acid sequences , or two or more 
quickly . The cancer cells may spread from the prostate to 20 amino acid sequences , is expressed in terms of the identity 
other parts of the body , particularly the bones and lymph or similarity between the sequences . Sequence identity can 
nodes . Prostate cancer aggressiveness can be categorized as be measured in terms of percentage identity ; the higher the 
different risk categories for growth and spreading , including percentage , the more identical the sequences are . Sequence 
low- , intermediate- , and high - risk prostate cancers , which similarity can be measured in terms of percentage similarity 
means that a patient has a low- , intermediate- , and high - risk , 25 ( which takes into account conservative amino acid substi 
respectively , of pathological and biochemical outcomes after tutions ) ; the higher the percentage , the more similar the 
radical prostatectomy ; metastasis ; prostate cancer - specific sequences are . 
mortality ; and all - cause mortality ( Cooperberg et al . , J Methods of alignment of sequences for comparison are 
Cancer Inst . , 101 ( 12 ) : 878-887 , 2009 ) . For example , low - risk well known in the art . Various programs and alignment 
prostate cancer is slow - growing and not likely to spread 30 algorithms are described in : Smith & Waterman , Adv . Appl . 
quickly ; however , high - risk prostate cancer is aggressive , Math . 2 : 482 , 1981 ; Needleman & Wunsch , J. Mol . Biol . 
meaning it is likely to spread quickly outside the prostate . 48 : 443 , 1970 ; Pearson & Lipman , Proc . Natl . Acad . Sci . 
Intermediate - risk patients are a heterogeneous group with USA 85 : 2444 , 1988 ; Higgins & Sharp , ene , 73 : 237-44 , 
cancers that tend to grow , but are not advanced or metastatic . 1988 ; Higgins & Sharp , CABIOS 5 : 151-3 , 1989 ; Corpet et 
Current means of assessing the risk uses Gleason scoring : 35 al . , Nuc . Acids Res . 16 : 10881-90 , 1988 ; Huang et al . Com 
low - risk prostate cancer , Gleason score sum less than or puter Appls . in the Biosciences 8 , 155-65 , 1992 ; and Pearson 
equal to 6 ; intermediate - risk prostate cancer , Gleason score et al . , Meth . Mol . Bio . 24 : 307-31 , 1994. Altschul et al . , J. 
sum at 7 ; and high - risk prostate cancer , Gleason score sum Mol . Biol . 215 : 403-10 , 1990 , presents a detailed consider 
greater than 7 . ation of sequence alignment methods . 

Prostate cancer can also be assessed through staging , such 40 The NCBI Basic Local Alignment Search Tool ( BLAST ) 
as early or late stage prostate cancer . Early stage cancer ( Altschul et al . , J. Mol . Biol . 215 : 403-10 , 1990 ) is available 
includes cancers with a small tumor size , low levels of from several sources , including the National Center for 
prostate - specific antigen ( PSA ) , and / or low Gleason score Biological Information ( NCBI , National Library of Medi 
( such as prostate cancer stages I and II using the four - stage cine , Building 38A , Room 8N805 , Bethesda , Md . 20894 ) 
Tumor / Nodes / Metastases system , or TNM system ) . In late 45 and on the Internet , for use in connection with the sequence 
stage prostate cancer ( such as prostate cancer stages III and analysis programs blastp , blastn , blastx , tblastn and tblastx . 
IV using the TNM system ) , difficulty urinating , blood in the Additional information can be found at the NCBI web site . 
urine , or pain in the pelvis , back or when urinating or to BLASTN is used to compare nucleic acid sequences , 
feeling tired due to low levels of red blood cells can be while BLASTP is used to compare amino acid sequences . If 
symptoms . 50 the two compared sequences share homology , then the 

Prostate cancer can be diagnosed by biopsy . Medical designated output file will present those regions of homol 
imaging may then be done to determine if the cancer has ogy as aligned sequences . If the two compared sequences do 
spread to other parts of the body . Prostate cancer screening not share homology , then the designated output file will not 
is controversial . Prostate - specific antigen ( PSA ) testing present aligned sequences . 
increases cancer detection but does not decrease mortality . 55 Once aligned , the number of matches is determined by 
Some cases can be safely followed with active surveil- counting the number of positions where an identical nucleo 

lance or watchful waiting . Other treatments may include one tide or amino acid residue is presented in both sequences . 
or more of surgery ( such as cryotherapy ) , radiation therapy , The percent sequence identity is determined by dividing the 
hormone therapy ( e.g. , ADT ) , and chemotherapy . number of matches either by the length of the sequence set 

Purified : The term “ purified ” does not require absolute 60 forth in the identified sequence , or by an articulated length 
purity ; rather , it is intended as a relative term . Thus , for ( such as 100 consecutive nucleotides or amino acid residues 
example , a purified protein preparation is one in which the from a sequence set forth in an identified sequence ) , fol 
protein referred to is more pure than the protein in its natural lowed by multiplying the resulting value by 100. For 
environment within a cell . For example , a preparation of a example , a nucleic acid sequence that has 1166 matches 
protein is purified such that the protein represents at least 65 when aligned with a test sequence having 1154 nucleotides 
50 % of the total protein content of the preparation . Similarly , is 75.0 percent identical the test sequence 
a purified mRNA preparation is one in which the mRNA is ( 1166 = 1554 * 100 = 75.0 ) . The percent sequence identity 
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value is rounded to the nearest tenth . For example , 75.11 , substantially only to a specific target may readily be made , 
75.12 , 75.13 , and 75.14 are rounded down to 75.1 , while for example by Western blotting and nucleic acid hybrid 
75.15 , 75.16 , 75.17 , 75.18 , and 75.19 are rounded up to 75.2 . ization procedures . 
The length value will always be an integer . In another Stathmin ( STMN1 ) : e.g. , OMIM 151442. Includes mam 
example , a target sequence containing a 20 - nucleotide 5 malian ( such as human ) STMN1 nucleic acid molecules 
region that aligns with 20 consecutive nucleotides from an ( e.g. , gene , cDNA , and mRNA ) and proteins . STMN1 , also 
identified sequence as follows contains a region that shares known as metablastin and oncoprotein 18 , is a highly 
75 percent sequence identity to that identified sequence ( that conserved protein that regulate the cell cytoskeleton . The 
is , 15 : 20 * 100 = 75 ) . protein includes an N - terminal domain , a coil - coil region , 

For comparisons of amino acid sequences of greater than 10 and a short C - terminal domain . STMN1 regulates microtu 
about 30 amino acids , the Blast 2 sequences function is bule dynamics by promoting depolymerization of microtu 

bules or preventing polymerization of tubulin heterodimers . employed using the default BLOSUM62 matrix set to There are at least 4 transcript variants of STMN1 ( e.g. , default parameters , ( gap existence cost of 11 , and a per GenBank Accession Nos . NM_203401.1 , NM_203399.1 , residue gap cost of 1 ) . Queries searched with the blastn 15 NM_005563.3 , and NM_001145454.2 variants 1-4 , respec program are filtered with DUST ( Hancock and Armstrong , tively ) . In particular examples , STMN1 expression , along 
1994 , Comput . Appl . Biosci . 10 : 67-70 ) . Other programs may with CSPG5 , FKBP6 , FOSB , and TTC27 is correlated with 
use SEG . In addition , a manual alignment can be performed . prostate cancer responsiveness to ADT . 
Proteins with even greater similarity will show increasing STMN1 sequences are publically available . For example , 
percentage identities when assessed by this method . Thus , in 20 GenBank Accession Nos . NM_203401.1 , NM_017166.1 
some examples , expression of a CSPG5 , FKBP6 , FOSB , and NM_019641.4 disclose exemplary human , rat , and 
STMN1 , or TTC27 protein having at least 80 % , at least mouse STMN1 coding sequences , respectively . GenBank 
85 % , at least 90 % , at least 95 % , at least 98 % , or at least 99 % Accession Nos . NP_005554.1 , AAH62234.1 , and 
sequence identity to a native CSPG5 , FKBP6 , FOSB , AAH54396.1 disclose exemplary human , rat , and mouse 
STMN1 , or TTC27 protein sequence , while retaining the 25 FOSB protein sequences , respectively . One skilled in the art 
biological function of the protein , can be examined using the will appreciate that FOSB nucleic acid and protein mol 
disclosed methods . ecules analyzed using the disclosed methods can vary from 
One indication that two nucleic acid molecules are closely those publicly available , while still being STMN1 ( e.g. , one 

related is that the two molecules hybridize to each other whose DNA methylation and / or expression , along with 
under stringent conditions , as described above . Nucleic acid 30 DNA methylation and / or expression of CSPG5 , FKBP6 , 
sequences that do not show a high degree of identity may FOSB , and TTC27 , is correlated with prostate cancer 
nevertheless encode identical or similar ( conserved ) amino responsiveness to ADT ) . 
acid sequences , due to the degeneracy of the genetic code . Subject : Living multi - cellular vertebrate organisms , a 
Changes in a nucleic acid sequence can be made using this category that includes human and non - human mammals . In 
degeneracy to produce multiple nucleic acid molecules that 35 one example , a subject is a male with prostate cancer . In one 
all encode substantially the same protein . An alternative example , a subject has had a prostatectomy . 
( and not necessarily cumulative ) indication that two nucleic Target sequence : A sequence of nucleotides located in a 
acid sequences are substantially identical is that the poly- particular region in a mammalian ( e.g. , human ) genome that 
peptide which the first nucleic acid encodes is immunologi- corresponds to a desired sequence , such as a ADT - associated 
cally cross reactive with the polypeptide encoded by the 40 gene , for example , CSPG5 , FKBP6 , FOSB , STMN1 , or 
second nucleic acid . Thus , in some examples , expression of TTC27 . Target sequences can encode target proteins , or can 
a CSPG5 , FKBP6 , FOSB , STMN1 , or TTC27 nucleic acid be a non - coding RNA . The target can be for instance a 
( such as mRNA , cDNA , or gene ) having at least 80 % , at coding sequence , the non - coding strand that corresponds to 
least 85 % , at least 90 % , at least 95 % , at least 98 % , or at least a coding sequence , or a promoter region . Examples of target 
99 % sequence identity to a native CSPG5 , FKBP6 , FOSB , 45 sequences include those sequences associated with respon 
STMN1 , or TTC27 nucleic acid ( such as mRNA , DNA , or siveness of prostate cancer to ADT . 
gene , such as one that includes any of SEQ ID NOS : 1-5 ) Tetratricopeptide repeat domain 27 ( TTC27 ) : Includes 
sequence can be examined using the disclosed methods . One mammalian ( such as human ) TTC27 nucleic acid molecules 
of skill in the art will appreciate that the particular sequence ( e.g. , gene , cDNA , and mRNA ) and proteins . There are at 
identity ranges are provided for guidance only . 50 least three transcript variants of TTC27 ( e.g. , GenBank 

Specific binding agent : An agent that binds substantially Accession Nos . NM_017735.4 , NM_001193509.1 , and 
or preferentially only to a defined target such as a protein , XR_002959314.1 variants 1-3 , respectively ) . In particular 
enzyme , polysaccharide , oligonucleotide , DNA , RNA , examples , TTC27 expression , along with CSPG5 , FKBP6 , 
recombinant vector or a small molecule . In an example , a FOSB , and , STMN1 is correlated with prostate cancer 
“ specific binding agent ” is capable of binding to at least one 55 responsiveness to ADT . 
of CSPG5 , FKBP6 , FOSB , STMN1 , and TTC2 . TTC27 sequences are publically available . For example , 

Thus , a nucleic acid - specific binding agent binds substan- GenBank Accession Nos . NM_017735.4 , 
tially only to the defined nucleic acid , such as mRNA or a NM_001106706.1 , and NM_152817.4 disclose exemplary 
gene sequence , or to a specific region within the nucleic human , rat , and mouse TTC27 coding sequences , respec 
acid . A protein - specific binding agent binds substantially 60 tively . GenBank Accession Nos . AAH63791.1 , 
only the defined protein , or to a specific region within the NP_001100176.1 , and AAH21912.1 disclose exemplary 
protein . For example , a “ specific binding agent ” includes human , rat , and mouse TTC27 protein sequences , respec 
antibodies and other agents that bind substantially to a tively . One skilled in the art will appreciate that FOSB 
specified polypeptide . Antibodies include monoclonal or nucleic acid and protein molecules analyzed using the 
polyclonal antibodies that are specific for the polypeptide , as 65 disclosed methods can vary from those publicly available , 
well as immunologically effective portions ( " fragments " ) while still being TTC27 ( e.g. , one whose DNA methylation 
thereof . The determination that a particular agent binds and / or expression , along with DNA methylation and / or 
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expression of CSPG5 , FKBP6 , FOSB , and , STMN1 is contacting binding agents specific for CSPG5 , FKBP6 , 
correlated with prostate cancer responsiveness to ADT ) . FOSB , STMN1 , and TTC27 with a prostate cancer sample 

Therapeutically effective amount : An amount of a com- sufficient to allow the binding agents to bind or hybridize to 
position that alone , or together with an additional therapeu- CSPG5 , FKBP6 , FOSB , STMN1 , and TTC27 nucleic acid 
tic agent ( s ) ( for example a chemotherapeutic agent , radia- 5 molecules or proteins , respectively , in the prostate cancer 
tion therapy , or ADT ) , induces the desired response ( e.g. , sample . 
treatment of a tumor ) . The preparations disclosed herein are Upregulated , activated , or increased : When used in ref 
administered in therapeutically effective amounts . In one erence to the expression of a nucleic acid molecule , such as 
example , a desired response is to decrease prostate cancer a gene , refers to any process which results in an increase in 
size or volume or metastasis in a subject to whom the 10 production of a gene product . A gene product can be RNA 
therapy is administered . The prostate cancer or metastasis ( such as mRNA , rRNA , TRNA , and structural RNA ) or 
thereof does not need to be completely eliminated for the protein . Therefore , gene upregulation or activation includes 
composition to be effective . For example , a composition can processes that increase transcription of a gene or translation 
decrease the size or volume of a prostate tumor or the of mRNA . 
metastasis of the tumor by at least 20 % , at least 50 % , at least 15 Gene upregulation includes any detectable increase in the 
60 % , at least 70 % , at least 80 % , at least 90 % , at least 95 % , production of a gene product . In certain examples , produc 
at least 98 % , or even at least 100 % ( elimination of the tion of a gene product increases by at least 20 % , at least 
tumor ) , as compared to the size or volume of the tumor or 50 % , at least 75 % , at least 90 % , at least 2 - fold , at least 3 - fold 
metastasis in the absence of the therapy . or at least 4 - fold , as compared to a control ( such an amount 

In particular examples , it is an amount of the therapeutic 20 of gene expression in a prostate cancer sample known to 
agent effective to decrease the number of prostate cancer respond to ADT ) . In one example , a control is a relative 
cells , such as the number of tumor cells in a patient with amount of gene expression in a biological sample , such as in 
prostate cancer . The tumor cells do not need to be com- a prostate cancer sample ( or plurality of such samples ) 
pletely eliminated for the composition to be effective . For obtained from a subject that responded to ADT . 
example , a composition can decrease the number of tumor 25 When used in reference to the DNA methylation of a 
cells by a desired amount , for example by at least 20 % , at nucleic acid molecule ( e.g. , gene ) , refers to any process 
least 50 % , at least 60 % , at least 70 % , at least 80 % , at least which results increase in the amount of DNA methylation 
90 % , at least 95 % , at least 98 % , or even at least 100 % observed or detected in a gene ( such as a CSPG5 , FKBP6 , 
( elimination of detectable prostate cancer cells ) , as com- FOSB , STMN1 , or TTC27 ) . Increased DNA methylation 
pared to the number of prostate cancer cells in the absence 30 includes any detectable increase in the DNA methylation of 
of the composition . a gene . In certain examples , DNA methylation of a gene 
A therapeutically effective amount of a therapeutic agent product increases by at least 20 % , at least 50 % , at least 75 % , 

can be administered in a single dose , or in several doses , for at least 90 % , at least 2 - fold , at least 3 - fold or at least 4 - fold , 
example daily , weekly , monthly , or yearly , during a course as compared to a control ( such an amount of DNA methyl 
of treatment . However , the therapeutically effective amount 35 ation in a prostate cancer sample from a patient ( s ) known to 
can depend on the subject being treated , the severity and respond to ADT ) . In one example , a control is a relative 
type of the condition being treated , the manner of adminis- amount of gene expression in a biological sample , such as in 
tration and the type of therapeutic agent being administered . a prostate cancer sample ( or plurality of such samples ) 

Tissue : A plurality of functionally related cells . A tissue obtained from a subject that responded to ADT . 
can be a suspension , a semi - solid , or solid . Tissue includes 40 
cells collected from a subject , such as from the liver . II . Overview 

Treating a disease : “ Treatment ” refers to a therapeutic 
intervention that ameliorates a sign or symptom of a disease Disclosed is a systematic genome - wide integrative 
or pathological condition , such as a sign or symptom of approach to analyze DNA methylation and its causal effect 
prostate cancer . Treatment can also induce remission or cure 45 on mRNA gene expression to predict response to therapeutic 
of a condition , such as prostate cancer . Treatment of a intervention in cancer patients ( see schematics in FIG . 1 ) . 
disease does not require a total absence of disease . For This algorithm is termed Epi2GenR ( Epigenomic and 
example , reduction in tumor size and / or volume , and / or Genomic mechanisms of treatment Resistance ) . Genomic 
decreases in the number metastases , size and / or volume of profiles from primary tumors of prostate cancer patients with 
a metastasis , such as a decrease of at least 20 % , at least 50 % , 50 poor ( i.e. , non - responders ) and favorable ( i.e. , responders ) 
at least 75 % , or at least 90 % can be sufficient . In some response to androgen - deprivation therapy ( ADT ) were com 
examples , treating a disease improves the prognosis of the pared , which identified a panel of five differentially meth 
prostate cancer patient , for example by increasing the pre- ylated sites , whose methylation changes explain expression 
dicted survival time of the prostate cancer patient ( for variation in their site - harboring genes ( CSPG5 , FKBP6 , 
example increases survival time by at least 6 months , at least 55 FOSB , STMN1 , and TTC27 ) . 
1 year , at least 3 years , or at least 5 years ) . The five site - gene panel ( CSPG5 , FKBP6 , FOSB , 
Tumor : All neoplastic cell growth and proliferation , STMN1 , and TTC27 ) was able to differentiate patients with 

whether malignant or benign , and all pre - cancerous and predisposition to ADT failure from patients with favorable 
cancerous cells and tissues . In an example , a tumor is a treatment response in TCGA - PRAD ( Abeshouse et al . , 
prostate tumor . 60 2015 ) ( log - rank p = 0.0191 , hazard ratio = 4.37 ) and other 

Under conditions sufficient for : A phrase that is used to ( Grasso et al . , 2012 , Robinson et al . , 2015 , Cai et al . , 2013 , 
describe any environment that permits the desired activity . Beltran et al . , 2011 , Kohli et al . , 2015 ) patient cohorts 
In one example , includes administering ADT to a subject ( sensitivity = 100 % , AUROC = 0.83 , AUROC = 0.98 ) . Signifi 
with prostate cancer found using the methods provided cant non - random predictive ability of the five site - gene 
herein to have a prostate cancer that will respond to ADT , 65 panel and its robustness to increased false positive ( FP ) and 
sufficient to allow the desired activity , such as treatment of false negative ( FN ) rates was confirmed through random 
the prostate cancer . In one example , includes incubating or modeling and robustness analysis , respectively . Further 
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more , this panel predicts therapeutic response and does not tion , angiogenesis , invasion , and metastasis ( Shahzad et al . , 
depend on commonly used prognostic variables , such as 2010 , Shaulian and Karin , 2001 , Shaulian and Karin , 2002 , 
pathological and clinical T - stage , Gleason score ( i.e. , pathol- Tulchinsky , 2000 , van Dam and Castellazzi , 2001 ) . FOSB 
ogy - based grading system of prostate tissues ) , age , and contributes towards increased concentration of IL - 8 ( inter 
therapy subtype . 5 leukin - 8 ) which influence angiogenesis , affecting cellular 

This panel can be used to pre - screen patients to prioritize proliferation and metastases in ovarian cancer ( Shahzad et 
those who would benefit from ADT and patients at risk of al . , 2010 ) . 
developing resistance . The method can improve therapeutic In recent years , clinical oncology has witnessed the emer 
management of cancer patients and builds a foundation for gence of a so - called neuroendocrine prostate cancer pheno 
personalized therapeutic advice for patients with advanced 10 type , with strong ties to failed response to ADT ( Beltran et 
malignancies . al . , 2016 , Lee et al . , Akamatsu et al . ) . In fact , a substantial 

Several features of this method distinguish it from pre- number of patients treated with enzalutamide or abiraterone 
viously utilized methods used for data analysis in oncology . relapse and develop neuroendocrine features ( Epstein et al . , 
Firstly , it introduces a systematic ( epi ) genomic data driven 2014 , Beltran et al . , 2011 ) . 
method for predictive analysis of therapeutic resistance and 15 The identified ( epi ) genomic panel of five site - genes are 
is an original method of its kind to the best of our knowl- predictive of response to ADT . This panel can be utilized to 
edge . Second is its ability to identify functional " cause- pre - screen patients and identify those ( i ) who are at higher 
effect ” relationships between DNA methylation sites and risk of developing resistance to ADT and who should 
mRNA expression of the site - harboring genes , which out- potentially be advised an alternative therapeutic regimen 
performed genomic approaches that rely on single data type 20 ( such as chemotherapy , radiation therapy etc. ) , thereby 
( e.g. , expression or methylation data alone ) or their corre- avoiding ADT side effects and improving disease - course ; 
lation alone , and significantly increases the probability of and ( ii ) who would benefit from ADT , making it their 
identifying ( epi ) genomic markers with functional role in priority therapy choice . Furthermore , this panel can be 
therapeutic resistance . Thirdly , the approach introduces a utilized to prioritize patients for clinical trials . 
highly non - random robust technique to classify patients at 25 Thus , provided herein are methods , which can be used to 
risk of resistance and those who would benefit from the predict whether a subject diagnosed with prostate cancer 
specific therapeutic intervention . will respond to ADT ; to treat a subject diagnosed with 

prostate cancer ( for example with ADT or not ( and instead 
III . ADT Molecular Markers administer a non - ADT therapy , such as chemotherapy and / or 

30 radiation ) ; or combinations thereof . In some examples , 
Current standard of care ( SOC ) for prostate cancer markers analyzed using the disclosed methods include , 

patients is that all patients with advanced prostate cancer are consist of , or consist essentially of CSPG5 , FKBP6 , FOSB , 
administered androgen - deprivation therapy ( ADT ) . No cri- ST 11 , and TTC27 . 
teria ( either molecular or clinical ) are used to prioritize ! Provided herein are methods of detecting expression , 
select patients to receive or not to receive this therapy . The 35 DNA methylation , or both , of a plurality of markers . Such 
disclosed five gene panel improves the SOC , as patients can methods can include measuring or expression of CSPG5 , 
be prioritized for androgen - deprivation treatment based on FKBP6 , FOSB , STMN1 , and TTC27 in a prostate cancer 
their risk of developing resistance or favorable response . In sample , measuring or detecting DNA methylation of 
some examples , a subject identified as having a tumor that CSPG5 , FKBP6 , FOSB , STMN1 , and TTC27 in a prostate 
is responsive to ADT is administered ADT as a first - line of 40 cancer sample , or both . 
treatment , such as a subject with a with low risk of resis- Also provided herein are methods of identifying a subject 
tance , improving their disease course and outcome . For with prostate cancer who will respond to ADT . Such meth 
patients with high risk of ATD resistance , other regiments ods can include measuring or detecting expression of 
can be administered , such as radiation therapy and / or che- CSPG5 , FKBP6 , FOSB , STMN1 , and TTC27 in a prostate 
motherapy ( as for such patients androgen - deprivation can 45 cancer sample from the subject relative to a control and / or 
lead to prostate cancer becoming more aggressive and measuring or detecting DNA methylation of CSPG5 , 
turning into a castration - resistant prostate cancer , which is FKBP6 , FOSB , STMN1 , and TTC27 in a prostate cancer 
nearly always metastatic and lethal ) . In some examples , the sample from the subject relative to a control . The methods 
subject analyzed or treated with the disclosed methods has also include determining that the subject with prostate 
advanced prostate cancer . In contrast to current SOC , where 50 cancer will not respond to ADT when it is determined that 
all advanced - stage prostate cancer patients receive AD ( i ) TTC27 , STMN1 , and CSPG5 have increased expression 
therapy , such an advanced - stage prostate cancer subject in the prostate cancer sample from the subject relative to the 
would not receive ADT if they are found to not likely have control and that FOSB and FKBP6 have decreased expres 
a favorable response to such therapy using the disclosed sion in the prostate cancer sample from the subject relative 
methods . In other examples , the subject analyzed or treated 55 to the control and / or ( ii ) FKBP6 has increased DNA meth 
with the disclosed methods has an early - stage prostate ylation in the prostate cancer sample from the subject 
cancer , and is administered ADT if they are found to likely relative to the control and that FOSB , TTC27 , STMN1 , and 
have a favorable response to such therapy . This is in contrast CSPG5 have decreased DNA methylation in the prostate 
to current SOC , where early - stage prostate cancer is not cancer sample from the subject relative to the control . 
treated with ADT . 60 Alternatively , it is determined that the subject with prostate 

The systematic integrative analysis of the ADT resistance cancer will respond to ADT when it is determined that ( i ) 
in prostate cancer identified a panel of five differentially TTC27 , STMN1 , and CSPG5 have decreased expression in 
methylated sites harbored by FKBP6 , TTC27 , CSPG5 , the prostate cancer sample from the subject relative to the 
FOSB , and STMN1 genes . FOSB is a member of FOS gene control and that FOSB and FKBP6 have increased expres 
family AP1 complexes , which bind to the promoter or 65 sion in the prostate cancer sample from the subject relative 
enhancer regions of target genes ( Lamph et al . , 1988 , to the control and / or ( ii ) FKBP6 has decreased DNA meth 
Shahzad et al . , 2010 ) and regulate cell survival , prolifera- ylation in the prostate cancer sample from the subject 
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relative to the control and that FOSB , TTC27 , STMN1 , and In some examples , in addition to measuring CSPG5 , 
CSPG5 have increased DNA methylation in the prostate FKBP6 , FOSB , STMN1 , and TTC27 expression and / or 
cancer sample from the subject relative to the control . DNA methylation , expression , DNA methylation , or both , of 

Methods of treating prostate cancer are provided . Such at least one housekeeping molecule ( e.g. , beta - actin , tubulin ) 
methods can include measuring or detecting expression of 5 is also measured as a control ( such as 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 
CSPG5 , FKBP6 , FOSB , STMN1 , and TTC27 in a prostate 9 or 10 housekeeping genes ) . 
cancer sample from the subject relative to a control and / or In some examples , the control is a reference value ( or 
measuring or detecting DNA methylation of CSPG5 , range of values ) for an expected amount of CSPG5 , FKBP6 , 
FKBP6 , FOSB , STMN1 , and TTC27 in a prostate cancer FOSB , STMN1 , and TTC27 expression and / or DNA meth 
sample from the subject relative to control . The methods 10 ylation from a subject with a prostate cancer that will 
also include determining that the subject with prostate respond to ADT . In some examples , the control is a prostate 
cancer will not respond to ADT when it is determined that cancer sample known to respond to ADT ( which can be 
( 1 ) TTC27 , STMN1 , and CSPG5 have increased expression analyzed in parallel with a test sample ) . 
in the prostate cancer sample from the subject relative to the The prostate cancer analyzed or treated with the disclosed 
control and that FOSB and FKBP6 have decreased expres- 15 methods can be a primary prostate cancer or a metastatic 
sion in the prostate cancer sample from the subject relative prostate cancer . In some examples , the prostate cancer is an 
to the control and / or ( ii ) FKBP6 has increased DNA meth early stage cancer , or a late stage cancer . In some examples , 
ylation in the prostate cancer sample from the subject the prostate cancer is an aggressive cancer . In some 
relative to the control and that FOSB , TTC27 , STMN1 , and examples , the prostate cancer is a low- , intermediate- , or 
CSPG5 have decreased DNA methylation in the prostate 20 high - risk prostate cancer . In some examples , the subject 
cancer sample from the subject relative to the control . analyzed or treated with the disclosed methods has or will 
Alternatively , it is determined that the subject with prostate receive a prostatectomy . 
cancer will respond to ADT when it is determined that ( i ) The altered expression of CSPG5 , FKBP6 , FOSB , 
TTC27 , STMN1 , and CSPG5 have decreased expression in STMN1 , and TTC27 can be any measurable increase or 
the prostate cancer sample from the subject relative to the 25 decrease in expression that is correlated with likely respon 
control and that FOSB and FKBP6 have increased expres- siveness to ADT . In some embodiments , the increase or 
sion in the prostate cancer sample from the subject relative decrease in expression ( such as mRNA , DNA , or protein 
to the control and / or ( ii ) FKBP6 has decreased DNA meth expression ) is at least 2.5 % , at least 3 % , at least 4 % , at least 
ylation in the prostate cancer sample from the subject 5 % , at least 6 % , at least 7 % , at least 8 % , at least 9 % , at least 
relative to the control and that FOSB , TTC27 , STMN1 , and 30 10 % , at least 15 % , 20 % , at least 30 % , at least 40 % , at least 
CSPG5 have increased DNA methylation in the prostate 50 % , at least 75 % , at least 90 % , at least 99 % , at least 100 % , 
cancer sample from the subject relative to the control . The at least 1.5 fold , at least 2 - fold , at least 3 - fold , at least 4 - fold , 
method also includes administering ADT ( such as chemical at least 5 - fold , at least 7 - fold or at least 10 - fold , such as castration , anti - androgen therapy , or both ) to the subject if it about 1.5 - fold , about 2 - fold , about 2.5 - fold , about 3 - fold , 
is determined that they will respond to ADT , or not admin- 35 about 4 - fold , about 5 - fold , about 7 - fold or about 10 - fold . 
istering ADT to the subject if it is determined that they will The relative increase or decrease in expression level 
not respond to ADT ( instead such subjects may be admin- amongst CSPG5 , FKBP6 , FOSB , STMN1 , and TTC27 can 
istered an alternative therapy , such as radiation therapy , vary within a tumor and can also vary between tumor chemotherapy ( e.g. , docetaxel , prednisone , cabazitaxel , samples . 
mitoxantrone , and / or estramustine ) or both ) . The altered DNA methylation of CSPG5 , FKBP6 , FOSB , 

In some examples , the method of treating prostate cancer STMN1 , and TTC27 can be any measurable increase or 
in a subject with prostate cancer includes measuring or decrease in DNA methylation that is correlated with likely 
detecting ( i ) decreased expression of TTC27 , STMN1 , and responsiveness to ADT . In some embodiments , the increase 
CSPG5 and increased expression of FOSB and FKBP6 in a or decrease in DNA methylation is at least 2.5 % , at least 3 % , 
prostate cancer sample from the subject relative to a control 45 at least 4 % , at least 5 % , at least 6 % , at least 7 % , at least 8 % , 
and / or ( ii ) decreased DNA methylation of FKBP6 and at least 9 % , at least 10 % , at least 15 % , at least 20 % , at least 
increased DNA methylation FOSB , TTC27 , STMN1 , and 30 % , at least 40 % , at least 50 % , at least 75 % , at least 90 % , 
CSPG5 in a prostate cancer sample from the subject relative at least 99 % , at least 100 % , at least 1.5 fold , at least 2 - fold , 
to a control , and then administering ADT to the subject , at least 3 - fold , at least 4 - fold , at least 5 - fold , at least 7 - fold 
thereby treating the prostate cancer . or at least 10 - fold , such as about 1.5 - fold , about 2 - fold , 

The disclosed methods can further include measuring about 2.5 - fold , about 3 - fold , about 4 - fold , about 5 - fold , 
prostate specific antigen ( PSA ) in a blood sample from the about 7 - fold or about 10 - fold . The relative increase or 
subject , determining a Gleason score for the prostate cancer , decrease in DNA methylation level amongst CSPG5 , 
or combinations thereof . In some examples , the methods FKBP6 , FOSB , STMN1 , and TTC27 can vary within a 
further include obtaining the prostate cancer sample from 55 tumor and can also vary between tumor samples . 
the subject , contacting the prostate cancer sample from the 
subject ( and in some examples a control prostate cancer TABLE 1 
sample from a subject ( s ) who responded to ADT ) with one 
or more binding agents ( e.g. , nucleic acid probes , nucleic Example gene expression and / or DNA methylation 
acid primers , antibodies ) specific for CSPG5 , FKBP6 , 60 in subjects that will respond to ADT 

FOSB , STMN1 , and TTC27 , or combinations thereof . Percent increase or decrease Measuring expression of CSPG5 , FKBP6 , FOSB , in expression DNA methylation 
STMN1 , and TTC27 can include measuring nucleic acid expression ( e.g. , mRNA , gene , cDNA ) , protein expression , At least a 2.5 % decrease , such At least a 2.5 % increase , such 

as a decrease of at least 3 % , as an increase of at least 5 % , or both . For example , polymerase chain reaction , sequenc- 65 at least 4 % , at least 5 % , such at least 8 % , such as a 9 % 
ing , ELISA , and mass spectrometric methods can be used . In 
some examples , a microscope device is used . 
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TABLE 1 - continued with a p value 0.05 , such as a p value at least > 0.05 , 0.10 , 
0.20 , 0.30 , 0.40 , 0.50 , 0.60 , 0.70 , 0.80 , or 0.90 or about 

Example gene expression and / or DNA methylation 0.05-0.10 , 0.05-0.20 , 0.10-0.50 , or 0.50-1 , or about 0.14 , in subjects that will respond to ADT 
0.38 , 0.40 , 0.69 , 0.88 , or 0.96 ) . 

Percent increase or decrease in A. Detecting Expression or Methylation 
in expression DNA methylation As described herein , expression of the 5 TACE - associated 
At least a 2.5 % increase , such At least a 5 % decrease , such genes ( CSPG5 , FKBP6 , FOSB , STMN1 , and TTC27 ) can be 
as an increase of at least 3 % , as a decrease of at least 10 % , detected using any one of a number of methods . Expression 
at least 4 % , such as a 4.07 % at least 15 % , at least 20 % , such of nucleic acid molecules ( e.g. , mRNA , cDNA ) or protein is as a 26.48 % decrease 
At least a 10 % increase , such At least a 5 % increase , such as contemplated herein . In some examples , DNA methylation 
as an increase of at least 15 % , an increase of at least 10 % , at of CSPG5 , FKBP6 , FOSB , STMN1 , and TTC27 is mea 
at least 20 % , at least 25 % , least 12 % , such as a 12.78 % sured . In some examples , expression and / or DNA methyl 

ation is quantified . STMN1 At least a 2.5 % decrease , such At least a 5 % increase , such as 
as a decrease of at least 3 % , an increase of at least 12 % , at 1. Methods for Detecting mRNA 
at least 4 % , at least 5 % , at least 14 % , such as a 4.02 % Gene expression can be evaluated by detecting mRNA 
least 8 % , such as a 8.01 % 
decrease encoding the gene of interest . Thus , the disclosed methods 
At least a 2.5 % decrease , such At least a 2.5 % increase , such can include evaluating mRNA encoding CSPG5 , FKBP6 , 
as a decrease of at least 3 % , as an increase of at least 3 % , FOSB , STMN1 , and TTC2 . In some examples , the mRNA at least 4 % , at least 5 % , such at least 4 % , at least 5 % , such 20 is quantified . as a 5.29 % decrease as a 5.6 % increase 

RNA can be isolated from a sample of a prostate cancer 
from a subject , for example using commercially available 

The control can be any suitable control against which to kits , such as those from QIAGEN® . General methods for 
compare expression of CSPG5 , FKBP6 , FOSB , STMN1 , mRNA extraction are disclosed in , for example , including 
and TTC27 in a prostate cancer sample . In some embodi- 25 Ausubel et al . , Current Protocols of Molecular Biology , John 
ments , the control sample is prostate cancer sample , or Wiley and Sons ( 1997 ) . RNA can be extracted from paraffin 
plurality of samples , from a subject ( s ) known to respond to embedded tissues ( e.g. , see Rupp and Locker , Lab Invest . 
ADT . In other examples , the control sample is a prostate 56 : A67 ( 1987 ) , and De Andres et al . , Bio Techniques 
cancer sample , or plurality of samples , from a subject ( s ) 18 : 42044 ( 1995 ) ) . Total RNA from cells in culture ( such as 
known to not respond to ADT ( in which case the increase or 30 those obtained from a subject ) can be isolated using 
decrease in expression and / or DNA methylation correlation QIAGIN® RNeasy mini - columns . Other commercially 
to ADT is reversed , that is FKBP6 is over - methylated while available RNA isolation kits include MASTERPURE® . 
TTC27 , CSPG5 , FOSB , and STMN1 are under - methylated Complete DNA and RNA Purification Kit ( EPICENTRE? 
in patients responsive to ADT compared to a prostate cancer Madison , Wis . ) , and Paraffin Block RNA Isolation Kit 
samples from a subject ( s ) known to not respond to ADT , and 35 ( Ambion , Inc. ) . Total RNA from tissue samples can be 
TTC27 , STMN1 , and CSPG5 are over - expressed while isolated using RNA Stat - 60 ( Tel - Test ) . RNA prepared from 
FOSB and FKBP6 are under - expressed in patients respon- tumor or other biological sample can be isolated , for 
sive to ADT compared to a prostate cancer samples from a example , by cesium chloride density gradient centrifugation . 
subject ( s ) known to not respond to ADT ) . In some embodi- Methods of gene expression profiling include methods 
ments , the control is a reference value . For example , the 40 based on hybridization analysis of polynucleotides , methods 
reference value can be derived from the average expression based on sequencing of polynucleotides , and proteomics 
values obtained from a group of prostate cancer subjects based methods . In some examples , mRNA expression in a 
known to respond ( or not respond ) to ADT . sample is quantified using northern blotting or in situ 

In some examples , measurement of an increase or a hybridization ( Parker & Barnes , Methods in Molecular 
decrease in CSPG5 , FKBP6 , FOSB , STMN1 , and TTC27 45 Biology 106 : 247-283 , 1999 ) ; RNAse protection assays 
expression or DNA methylation ( such as in a prostate cancer ( Hod , Biotechniques 13 : 852-4 , 1992 ) ; and PCR - based meth 
sample ) can a better predictor of response to ADT than genes ods , such as reverse transcription polymerase chain reaction 
( such as markers ) that are commonly used to predict prostate ( RT - PCR ) ( Weis et al . , Trends in Genetics 8 : 263-4 , 1992 ) . 
cancer aggressiveness . For example , measurement of an Alternatively , antibodies can be employed that can recog 
increase or a decrease in CSPG5 , FKBP6 , FOSB , STMN1 , 50 nize specific duplexes , including DNA duplexes , RNA 
and TTC27 expression or DNA methylation can a better duplexes , and DNA - RNA hybrid duplexes or DNA - protein 
predictor of response to ADT than an increase or a decrease duplexes . Representative methods for sequencing - based 
in expression of androgen receptor ( AR ) , erythroblast trans- gene expression analysis include Serial Analysis of Gene 
formation - specific ( ETS ) -related gene ( ERG ) , transmem- Expression ( SAGE ) , and gene expression analysis by mas 
brane protease serine 2 ( TMPRSS2 ) , forkhead box protein 55 sively parallel signature sequencing ( MPSS ) . 
A1 ( FOXA1 ) , NK3 homeobox 1 ( NKX3-1 ) , and / or phos- In one example , RT - PCR can be used . Generally , the first 
phatase and tensin homolog ( PTEN ) . For example , mea- step in gene expression profiling by RT - PCR is the reverse 
surement of an increase or a decrease in CSPG5 , FKBP6 , transcription of the RNA template into cDNA , followed by 
FOSB , STMN1 , and TTC27 expression or DNA methylation its exponential amplification in a PCR reaction . Two com 
( such as in a prostate cancer sample ) can a predict response 60 monly used reverse transcriptases are avian myeloblastosis 
to ADT with statistical significance ( for example , with a p virus reverse transcriptase ( AMV - RT ) and Moloney murine 
value < 0.05 , such as a p value at least < 0.05 , 0.01 , 0.009 , leukemia virus reverse transcriptase ( MMLV - RT ) . The 
0.008 , 0.007 , 0.006 , 0.005 , 0.004 , 0.003 , 0.002 , or 0.001 , or reverse transcription step is typically primed using specific 
about 0.01-0.05 or 0.001-0.01 , or about 0.005 , 0.004 , 0.002 , primers , random hexamers , or oligo - dT primers , depending 
0.03 , or 0.45 ) , wherein genes that are commonly used to 65 on the circumstances and the goal of expression profiling . 
predict prostate cancer aggressiveness cannot predict For example , extracted RNA can be reverse - transcribed 
response to ADT with statistical significance ( for example , using a GeneAmp RNA PCR kit ( Perkin Elmer , Calif . , 
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