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METHODS FOR TREATING CELLS 
CONTAINING FUSION GENES 

PRIORITY CLAIM 
[ 0001 ] This application claims priority to U . S . Provisional 
Patent Application Ser . No . 62 / 025 , 923 , filed Jul . 17 , 2014 , 
and International Patent Application No . PCT / US2014 / 
072268 , filed Dec . 23 , 2014 , the contents of which are 
incorporated by reference herein in their entireties . 

GRANT INFORMATION 
[ 0002 ] This invention was made with government support 
under Grant No . RO1 CA098249 and awarded by the 
National Cancer Institute of the National Institutes of 
Health . The government has certain rights in the invention . 

1 . INTRODUCTION 
[ 0003 ] The present invention relates to methods of treating 
prostate cancer patients carrying one or more specific fusion 
genes by performing genome targeting . 

2 . BACKGROUND OF THE INVENTION 
[ 0004 ] Clustered regularly interspaced short palindromic 
repeats ( CRISPR ) CRISPR - associated ( Cas ) were originally 
discovered to act as immunity defense mechanisms against 
foreign pathogens in prokaryotic cells ( Mojica et al . ( 2005 ) 
J . of Molecular Evolution 60 : 174 - 182 ) . Cas9 , a protein for 
the type II CRISPR / Cas system , was found to exhibit DNA 
cleavage activity . The nuclease activity of Cas9 can be 
guided by a CRISPR RNA and a trans - activating CRISPR 
RNA complementary to a targeted sequence of DNA in the 
genome ( Jinek et al . ( 2012 ) Science 337 : 816 - 821 ) . Since 
trans - activating CRISPR RNA and CRISPR RNA can be 
made into a chimeric RNA containing the full function of 
both RNA species , artificial fusion RNA sequences , also 
called guide RNAs ( gRNAs ) , were generated to target the 
activity of Cas9 to a target DNA sequence ( Esvelt et al . 
( 2014 ) eLife : e03401 ) . A D10A mutation present in the 
catalytic domain of Cas9 converts it to a nickase that 
produces single nucleotide breaks at the target DNA ( Jinek 
et al . ( 2012 ) Science 337 : 816 - 821 ) . Double nicking of target 
DNA can increase genome editing specificity by 50 - 1500 
fold ( Ranet al . ( 2013 ) Cell 154 : 1380 - 1389 ) , with the off 
target rate as low as 1 / 10 , 000 . Such specificity can make 
somatic genomic targeting a viable approach in treating 
human diseases . 
[ 0005 ] Despite a high incidence , only a fraction of men 
diagnosed with prostate cancer develop metastases and even 
fewer die from the disease . The majority of prostate cancers 
remain asymptomatic and clinically indolent . The precise 
mechanisms for the development of progressive , clinically 
concerning prostate cancer remain elusive . Furthermore , the 
inability to predict prostate cancer ' s potential aggressive 
ness has resulted in significant overtreatment of the disease . 
The dichotomous nature of prostate cancer — a subset of 
life - threatening malignancies in the larger background of 
histological alterations lacking the clinical features implicit 
with that label — is a fundamental challenge in disease 
management . Treatment of prostate cancer , particularly of 
those metastatic prostate cancers remains problematic . 
Therefore , there is a need in the art for methods of treating 
a subject that may develop progressive prostate cancer . 

3 . SUMMARY OF THE INVENTION 
[ 0006 ] The present invention relates to methods for treat 
ing prostate cancer patients . It is based , at least in part , on 
the discovery that approximately 90 % of men carrying at 
least one of the following fusion genes : TRMT11 - GRIK2 , 
SLC45A2 - AMACR , MTOR - TP53BP1 , LRRC59 
FLJ60017 , TMEM135 - CCDC67 and CCNH - C5orf30 expe 
rienced prostate cancer recurrence , metastases and / or pros 
tate cancer - specific death after radical prostatectomy ( each 
examples of " progressive prostate cancer " ) , while these 
outcomes occurred in only 36 % of men not carrying any of 
these fusion genes . It is also based , at least in part , on the 
discovery that a genome editing technique that specifically 
targets a fusion gene can induce cell death in a cancer cell 
having the fusion gene . 
[ 0007 ] In various non - limiting embodiments , the present 
invention provides for methods of treating a subject that 
carries a fusion gene . In certain embodiments , a method of 
the present invention comprises performing a genome edit 
ing technique on one or more cancer cells , e . g . , prostate 
cancer cells , of the subject . Non - limiting examples of such 
fusion genes include TRMT11 - GRIK2 , SLC45A2 
AMACR , MTOR - TPS3BP1 , LRRC59 - FLJ60017 , 
TMEM135 - CCDC67 , KDM4B - AC011523 . 2 , MAN2A1 
FER , PTEN - NOLC1 , CCNH - C5orf30 , ZMPSTE24 
ZMYM4 , CLTC - ETV1 , ACPP - SEC13 , DOCK7 - OLR1 and 
PCMTD1 - SNTG1 . 
[ 0008 ] In certain non - limiting embodiments , the present 
invention further provides kits for performing methods of 
treating a subject that carries a fusion gene . In certain 
embodiments , a kit of the present invention can comprise 
one or more vectors or plasmids comprising a nucleic acid 
encoding a Cas protein , e . g . , Cas9104 . In certain embodi 
ments , the one or more vectors can further comprise one or 
more gRNAs specific to a fusion gene , e . g . , specific to a 
breakpoint of a fusion gene and / or sequences flanking the 
breakpoint of a fusion gene . 
[ 00091 . In certain embodiments , a kit of the present inven 
tion can further include one or more vectors or plasmids 
comprising a nucleic acid , that when expressed results in cell 
death . In certain embodiments , the nucleic acid encodes 
HSV - 1 thymidine kinase . In certain embodiments , this vec 
tor can further comprise one or more targeting sequences 
that are complementary to sequences within the fusion gene 
to promote homologous recombination and insertion of the 
nucleic acid . In certain embodiments , where the nucleic acid 
encodes HSV - 1 thymidine kinase , the kit can further com 
prise ganciclovir and / or valganciclovir . 

4 . BRIEF DESCRIPTION OF THE FIGURES 
[ 0010 ] FIG . 1 . Unique fusion gene events . Left panel : 
Miniature diagrams of genome of the fusion genes , the 
transcription directions , the distances between the joining 
genes and directions of the fusions . Middle panel : Repre 
sentative sequencing chromograms of fusion genes . The 
joining gene sequences were indicated ( SEQ ID NOs : 
45 - 52 ) . Right panel : Diagrams of translation products of 
fusion genes . Blue - driver gene translation product ; Red 
passenger gene translation product ; Orange - novel transla 
tion products due to framneshift or translation products from 
a non - gene region . 
[ 0011 ] FIG . 2A - H . Fluorescence in situ hybridization sug 
gests genome recombination in prostate cancer cells . ( A ) 
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Schematic diagram of MAN2A1 and FER genome recom 
bination and FISH probe positions . Representative FISH 
images were shown for normal prostate epithelial cells and 
cancer cells positive for MAN2A1 - FER fusion . Orange 
denotes probe 1 ; Green denotes probe 2 . ( B ) Schematic 
diagram of SLC45A2 and AMACR genome recombination 
and FISH probe positions . Representative FISH images 
were shown for normal prostate epithelial cells and cancer 
cells positive for SLC45A2 - AMACR fusion . Orange 
denotes probe 1 ; Green denotes probe 2 . ( C ) Schematic 
diagram of MTOR and TP53BP1 genome recombination 
and FISH probe positions . Representative FISH images 
were shown for normal prostate epithelial cells and cancer 
cells positive for MTOR - TP53BP1 fusion . Orange denotes 
probe 1 ; Green denotes probe 2 . ( D ) Schematic diagram of 
TRMT11 and GRIK2 genome recombination and FISH 
probe positions . Representative FISH images were shown 
for normal prostate epithelial cells and cancer cells positive 
for TRMT11 - GRIK2 fusion . Orange denotes probe 1 ; Green 
denotes probe 2 . ( E ) Schematic diagram of LRRC59 and 
FLJ60017 genome recombination and FISH probe positions . 
Representative FISH images were shown for normal pros 
tate epithelial cells and cancer cells positive for LRRC59 
FLJ60017 fusion . Orange denotes probe 1 ; Green denotes 
probe 2 . ( F ) Schematic diagram of TMEM135 and CCDC67 
genome recombination and FISH probe positions . Repre 
sentative FISH images were shown for normal prostate 
epithelial cells and cancer cells positive for TMEM135 
CCDC67 fusion . Orange denotes probe 1 ; Green denotes 
probe 2 . ( G ) Schematic diagram of CCNH and C5orf30 
genome recombination and FISH probe positions . Repre 
sentative FISH images were shown for normal prostate 
epithelial cells and cancer cells positive for CCNH - C5orf30 
fusion . Orange denotes probe 1 ; Green denotes probe 2 . ( H ) 
Schematic diagram of KDM4B and AC011523 . 2 genome 
recombination and FISH probe positions . Representative 
FISH images were shown for normal prostate epithelial cells 
and cancer cells positive for KDM4B - AC011523 . 2 fusion . 
Orange denotes probe 1 ; Green denotes probe 2 . 
[ 0012 ] FIG . 3A - D . Fusion genes in prostate cancer are 
associated with aggressive prostate cancers . ( A ) Distribution 
of 8 prostate cancer samples positive for fusion genes . 
Samples from patients who experienced recurrence were 
indicated with grey ( PSADT > 15 months ) or dark grey 
( PSADT < 4 months ) , samples from patients who have no 
recurrence at least 5 years with green , and samples from 
patients whose clinical follow - up is ongoing but less than 5 
years with white ( undetermined ) . ( B ) Correlation of fusion 
gene events with prostate cancer recurrence . Percentage of 
prostate cancer relapse when fusion gene was positive in the 
prostate cancer samples was plotted for each fusion gene . 
Percentage of prostate cancer experiencing recurrence from 
samples positive for fusion transcripts was plotted for each 
fusion transcript . Left , University of Pittsburgh Medical 
Center cohort ; Middle , Stanford University Medical Center 
cohort ; Right , University of Wisconsin Madison Medical 
Center cohort . ( C ) ROC analyses of a panel of 8 fusion genes 
predicting prostate cancer recurrence ( top ) and short PSADT 
( bottom ) . ( D ) Kaplan - Meier analysis of patients who are 
positive for any of TRMT11 - GRIK2 , SLC45A2 - AMACR , 
MTOR - TP53BP1 , LRRC59 - FLJ60017 , TMEM135 
CCDC67 and CCNH - C5orf30 versus those who are negative 
for these fusion events . 

[ 0013 ] FIG . 4A - C . Fusion genes predict recurrence of 
prostate cancer . ( A ) Schema of training and validation steps 
in building fusion gene prediction models for prostate cancer 
recurrence and short PSADT . The algorithm of fusion gene 
prediction of prostate cancer recurrence and PSADT < 4 
months was obtained from 90 random - assigned prostate 
cancer samples from University of Pittsburgh Medical Cen 
ter ( I ) . The algorithm was then applied to 89 samples from 
University of Pittsburgh Medical Center ( 11 ) , 21 samples 
from Stanford University Medical center ( III ) and 33 
samples from University of Wisconsin Madison Medical 
Center ( IV ) . ( B ) Prediction rate of prostate cancer recurrence 
( top ) and PSADT < 4 months using prostate cancer samples 
cohorts from University of Pittsburgh Medical Center , Stan 
ford Medical Center , and University of Wisconsin Madison 
Medical Center , based on algorithm obtained from the 
90 - training sample cohort . ( C ) Kaplan - Meier analysis of 
patients who were positive for any of TRMT11 - GRIK2 , 
SLC45A2 - AMACR , MTOR - TP53BP1 , LRRC59 
FLJ60017 , TMEM135 - CCDC67 and CCNH - C5orf30 ver 
sus those who were negative for these fusion events . Top , 
Kaplan - Meier analysis of prostate cancer sample cohort 
from University of Pittsburgh ; P - value is indicated for the 
significant difference in survival between the group that is 
positive for at least one fusion transcript and the group that 
is negative . Bottom , Kaplan - Meier analysis of prostate can 
cer sample cohort from Stanford University Medical Center ; 
P - value is indicated for the significant difference in survival 
between the group that is positive for at least one fusion 
transcript and the group that is negative . 
[ 0014 ] FIG . 5A - B . Combining status of fusion transcript 
and clinical / pathological parameter to improve prediction of 
prostate cancer recurrence . ( A ) Combining Gleason ' s grad 
ing and the status of 8 fusion transcripts in prostate cancer 
samples using LDA technique to predict the recurrence of 
prostate cancer . Left , ROC analysis of Gleason alone or 
Gleason plus the presence of fusion transcripts using LDA 
technique in the prediction of prostate cancer recurrence ; P 
value ( permutation test ) is indicated for the significant 
difference between the ROC curve generated by Gleason 
alone and curve generated by Gleason plus the presence of 
fusion transcripts using LDA technique . Middle , Kaplan 
Meier analysis of PSA free survival of prostate cancer 
patients with Gleason 8 versus < 8 from combined UPMC 
testing , Wisconsin and Stanford data sets ; P - value ( Log - rank 
test ) is indicated for the significant difference in survival 
between the group that has Gleason score at least 8 and the 
group that has score 7 or less . Right , Kaplan - Meier analysis 
of PSA free survival of prostate cancer patients with Gleason 
28 or positive for any of the 8 fusion transcripts in the 
prostate cancer samples versus those < 8 and negative for 
fusion transcripts using LDA from combined UPMC testing , 
Wisconsin and Stanford data sets . P - value ( Log - rank test ) is 
indicated for the significant difference in survival between 
the group that is positive for at least one fusion transcript or 
has Gleason 28 and the group that is negative for fusion 
transcript and has Gleason < 8 . ( B ) Combining nomogram 
and the status of 8 fusion transcripts in prostate cancer 
samples using LDA technique to predict the recurrence of 
prostate cancer . Left , ROC analysis of nomogram alone or 
nomogram plus the presence of fusion transcripts using 
LDA technique in the prediction of prostate cancer recur 
rence . P - value ( permutation test ) is indicated for the signifi 
cant difference between the ROC curve generated by Nomo 
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gram alone and curve generated by Nomogram plus the 
presence of fusion transcripts using LDA technique . Middle , 
Kaplan - Meier analysis of PSA free survival of prostate 
cancer patients with probability > 88 versus s88 from com 
bined UPMC testing , Wisconsin and Stanford data sets ; 
P - value ( Log - rank test ) is indicated for the significant dif 
ference in survival between the group that has probability 
> 88 PSA free survival and the group that has s88 probabil 
ity . Right , Kaplan - Meier analysis of PSA free survival of 
prostate cancer patients with Nomogram 588 or positive for 
any of the 8 fusion transcripts in the prostate cancer samples 
versus those s88 and negative for fusion transcripts using 
LDA from combined UPMC testing , Wisconsin and Stan 
ford data sets . P - value ( Log - rank test ) is indicated for the 
significant difference in survival between the group that is 
negative for fusion transcript and has probability > 88 PSA 
free survival and the group that is positive for fusion 
transcript or has s88 probability . 
[ 0015 ] FIG . 6 . CIRCOS plots of prostate cancer functional 
genome translocation . Five prostate cancer functional trans 
locations were based on RNA sequencing . Fourteen of these 
functional translocations were supported by whole genome 
sequencing analysis . Functional translocation is defined as at 
least one transcript identified in the translocation process . 
Translocations in non - gene area were excluded . 
[ 0016 ] FIG . 7A - B . Identification of fusion genes in 174 
prostate samples . ( A ) RT - PCR of TMEM135 - CCDC57 , 
KDM4B - AC011523 . 2 , MAN2A1 - FER , TRMT11 - GRIK2 , 
CCNH - C5orf30 , SLC45A2 - AMACR , MTOR - TP53BP , 
LRRC59 - FLJ6001 and TMPRSS2 - ERG were performed on 
213 prostate cancer samples . RT - PCR of ß - actin was used as 
quality control . The lane assignment is as follows : 1 - TP12 
S0943T , 2 - TP12 - S0916T , 3 - TP12 - S0967T , 4 - TP12 - S1059T , 
5 - TP10 - S093T , 6 - JB770T , 7 - TPOSPPS0721T , 8 - TP10 
S0638T , 9 - TP12 - S1032T , 10 - TP12 - S0624T , 11 - TP12 
S0981T , 12 - TP10PPS0420T , 13 - TP12 - S0966T , 14 - TP12 
S0988T , 15 - TP12 - S0704T , 16 - PR053T , 17 - 1B110T , 
18 - TP12 - 80928T , 19 - TP12 - S0816T , 20 - TP12 - S0789T , 
21 - TP12 - S0805T , 22 - TP12 - S0803T , 23 - TP12 - 80765T , 
24 - TP12 - S0770T , 25 - TP12 - 80799T , 26 - TP12 - 80795T , 
27 - TP12 - S0786T , 28 - PR534T , 29 - TP12 - 80790T , 30 - TP12 
S0740T , 31 - TP12 - S0723T , 32 - PR536T , 33 - FB76 , 
34 - 1B378T , 35 - 1B3180T , 36 - HB303T , 37 - GB368 , 
38 - HB327T , 39 - HB346T , 40 - PR227T 41 - HB322T , 
42 - HB658T , 43 - 1B289T , 44 - HB492T , 45 - IB11T , 46 - TP2 
S0466T , 47 - TP12 - S456T , 48 - TP12 - S0246T , 49 - TP2 
S0608T , 50 - TP12 - S0340T , 51 - TP12 - 80337T , 52 - TP12 
S0048T , 53 - TP12 - S0191T , 54 - TP12 - S0194T , 55 - TP12 
S0049T , 56 - HB340T , 57 - TP12 - S0102T , 58 - PR530T , 
59 - 1942T , 60 - TP12 - S1189T , 61 - 13745T , 62 - 5396T , 
63 - 8432T , 64 - HB2617 , 65 - FB83T , 66 - HB591T , 
67 - HB568T , 68 - HB526T , 69 - TP08 - S00542T , 70 - 1B298T , 
71 - TP09 - S0420T , 72 - PR303T , 73 - GB400T , 74 - PRO1 ST , 
75 - HB603T , 76 - PR310 OT , 77 - JB197T , 78 - PR300T , 
79 - PR236T , 80 - JB154T , 81 - PR434T , 82 - 7504T , 83 - 25313T , 
84 - 8629T , 85 - 7270T , 86 - 2671T , 87 - 4308T , 88 - 28278T , 
89 - TP12 - S1224T , 90 - TP12 - S0918T , 91 - TP12 - S1197T , 
92 - TP12 - S0915T , 93 - 16464T , 94 - 2644T , 95 - 1199T , 
96 - 15922T , 97 - 15733T , 98 - 16947T , 99 - 19381T , 100 - 6837T , 
101 - 9122T , 102 - 6647T , 103 - 4336T , 104 - 29671T , 105 
11462T , 106 - 8741T , 107 - 1B362T , 108 - PR079T , 109 
IB483T , 110 - IB071T , 111 - GB195T , 112 - PR521T , 113 
TP08 - S00530T , 114 - 7221T , 115 - JB426T , 116 - 34T , 117 
HB951T , 118 - FB94T , 119 - 1B273T , 120 - DB237T , 121 

IB34T , 122 - HB021T , 123 - HB033T , 124 - FB174T , 125 
KB170T , 126 - FB120T , 127 - HB504T , 128 - HB305T , 129 
FB421T , 130 - TP09 - S0721T , 131 - FB238T , 132 - HB46T , 
133 - TP11PP - S0638T , 134 - PR306T , 135 - HB207T , 136 
HB235T , 137 - 1B112T , 138 - IB136T , 139 - PR375T , 140 
2HB591T , 141 - 23HB021T , 142 - TP09 - S0006T , 143 
21B483T , 144 - 2HB568T , 145 - M - 11462T , 146 - 29825T , 147 
3G989122T , 148 - 1 AF8378T , 149 - 30 - 10614T , 150 - 4L98 
27086T , 151 - 3D994336T , 152 - 3K5772T , 153 - 2K98 - 8378T , 
154 - 14304T , 155 - 15463T , 156 - 15875T , 157 - 98TA - 83782T , 
158 - 562T , 159 - 14878T , 160 - 7943T , 161 - 995772T , 162 
678T , 163 - 9927086T , 164 - 25265T , 165 - HB705T , 166 
33PR053T , 167 - TP12 - S0954T , 168 - 19PR530T , 169 
34PR227T , 170 - 56FB76T , 171 - TP09 - S0704T , 172 
78HB340T , 173 - 23FB120T , 174 - 23HB346T , 175 
541B289T , 176 - TP13 - S0109T , 177 - TP13 - S0456T , 178 
TP13 - S0248T , 179 - TP13 - S0464T , 180 - TP13 - S0043T , 181 
TP13 - S0314T , 182 - 8433T , 183 - 863176T , 184 - ROTT , 185 
84876T , 186 - 994308T , 187 - 9911991 , 188 - 9812033T , 189 
855327T , 190 - 9814481T , 191 - R3T , 192 - R13T , 193 - R19T , 
194 - 84375T , 195 - 832972T , 196 - 92102071 , 197 - R57T , 198 
828142T , 199 - R26T , 200 - 23R19T , 201 - 8713205T , 202 
9217293T , 203 - R18T , 204 - 8712362T , 205 - 9412443T , 206 
R10T , 207 - 92SR293T , 208 - R16T , 209 - 849731T , 210 
67R13T , 211 - 842620T , 212 - R59T , 213 - SR9R57T . ( B ) 
RT - PCR of TMEM135 - CCDC67 , KDM4B - AC011523 . 2 , 
MAN2A1 - FER , TRMT11 - GRIK2 , CCNH - C5orf30 , 
SLC45A2 - AMACR , MTOR - TP53BP1 and LRRC59 
FLJ60017 on 10 organ donor prostate tissues . 
[ 0017 ] FIG . 8 . Identification of fusion genes in 30 prostate 
samples from Stanford University Medical Center . RT - PCR 
of TMEM135 - CCDC67 , KDM4B - AC011523 . 2 , MAN2A1 
FER , TRMT11 - GRIK2 , CCNH - C5orf30 , SLC45A2 
AMACR , MTOR - TP53BP1 and LRRC59 - FJL60017 were 
performed on 30 indicated prostate cancer samples . RT - PCR 
of ß - actin was used as quality control . 
0018 ] . FIG . 9 . Identification of fusion genes in 36 prostate 
samples from University of Wisconsin Madison Medical 
Center . RT - PCR of TMEM135 - CCDC67 , KDM4B 
AC011523 . 2 , MAN2A1 - FER , TRMT11 - GRIK2 , CCNH 
C5orf30 , SLC45A2 - AMACR , MTOR - TP53BP1 and 
LRRC59 - FJL60017 were performed on 36 indicated pros 
tate cancer samples . RT - PCR of ß - actin was used as quality 
control . 
10019 ] FIG . 10 . Inactivation of GRIK1 and TRMT11 
RNA expression in prostate cancer positive for TRMT11 
GRIK2 fusion . RT - PCR was performed on RNA from 
TRMT11 - GRIK2 fusion gene positive prostate cancer 
samples using primers specific for GRIK2 and TRMT11 . 
Products of RT - PCR using primers specific for ß - actin were 
used as template normalization control . 
[ 0020 ] FIG . 11 . Genome breakpoint analysis of fusion 
genes . Top panel : Miniature diagrams of genome of the 
fusion genes , the transcription directions , the distances 
between the joining genes and directions of the chromosome 
joining . Middle panel : Miniature of fusion genome and 
transcription direction . Bottom : Representative sequencing 
chromograms encompassing the joining breakpoint of chro 
mosomes ( SEQ ID NOs : 53 - 55 ) . 
[ 0021 ] FIG . 12A - B . Prediction of prostate cancer recur 
rence and PSADT using a panel of 8 fusion genes . ( A ) ROC 
analyses of a panel of 8 fusion genes predicting prostate 
cancer recurrence using random assigned 90 prostate cancer 
samples from University of Pittsburgh Medical Center . 



US 2017 / 0240924 A1 Aug . 24 , 2017 

sa 

Dotted line - random prediction ; Black line - fusion prediction ; 
Blue dot - optimal prediction . P - value ( permutation test ) is 
indicated for the significant difference between the ROC 
curve generated by fusion transcripts using LDA technique 
and the baseline control curve . ( B ) ROC analyses of a panel 
of 8 fusion genes predicting prostate cancer short PSADT 
( < 4 months ) . Dotted line - random prediction ; Black line 
fusion prediction ; Blue dot - optimal prediction . P - value ( per 
mutation test ) is indicated for the significant difference 
between the ROC curve generated by fusion transcripts 
using LDA technique and the baseline control curve . 
[ 0022 ] FIG . 13A - C . PTEN - NOLC1 fusion gene in pros 
tate cancer . ( A ) PTEN - NOLC1 fusion transcript . Top panel : 
Miniature diagrams of genome of the PTEN and NOLC1 
genes , the transcription direction , the distance between the 
joining genes and direction of the fusion . Middle panel : 
Representative sequencing chromogram of PTEN - NOLC1 
transcript . The joining gene sequences were indicated ( SEQ 
ID NO : 56 ) . Lower panel : Diagram of translation product of 
fusion transcript . Blue - head gene translation product ; Red 
tail gene translation product . ( B ) Schematic diagram of 
PTEN and NOLC1 genome recombination and FISH probe 
positions . Representative FISH images were shown for 
normal prostate epithelial cells and cancer cells positive for 
TENNOLC1 fusion . Orange ( asterisk * ) denotes probe 1 
( RP11 - 124B18 ) ; Green ( plus sign + ) denotes probe 2 ( CTD 
3082D22 ) . Fusion joining signals are indicated by green 
arrows . ( C ) PTEN - NOLC1 expression in prostate cancer 
samples . RT - PCRs were performed in 215 samples of pros 
tate cancer using primers specific for PTEN - NOLC1 ( PN ) 
fusion transcript . RT - PCRs using primers specific for ß - actin 
( BAT ) were performed as normalization controls . 
[ 0023 ] FIG . 14 . Motif analysis of MAN2A1 - FER . Dia 
gram of functional domains of MAN2A1 , FER and 
MAN2A1 - FER fusion proteins . 
[ 0024 ] FIG . 15 . Schematic diagram of Genome editing 
targeting at a fusion gene breakpoint in prostate cancer cells 
positive for CCNH - C5orf30 ( SEQ ID NO : 57 ) . 
[ 0025 ] FIG . 16 . Schematic diagram of fusion genes . Left 
panel : Schematic diagram of genome of fusion partners . 
Genetic locus , distance between partners , transcription 
direction and fusion direction are indicated . Middle panel : 
Histogram of Sanger sequencing surrounding the fusion 
point of each fusion gene ( SEQ ID NOs : 40 - 44 ) . Right 
panel : Predicted protein products of fusion genes . Blue : 
Head gene protein ; Yellow : frameshift translation ; Red : tail . 
[ 0026 ] FIG . 17 . Schematic diagram of ZMPSTE24 
ZMYM5 fusion formation . Functional domains are indi 
cated . 
[ 0027 ] FIG . 18 . Schematic diagram of CLTC - ETV1 fusion 
formation . Functional domains are indicated . 
[ 0028 ] FIG . 19 . Schematic diagram of ACPP - SEC13 
fusion formation . Functional domains are indicated . 
[ 0029 ] FIG . 20 . Schematic diagram of DOCK7 - OLR1 
fusion formation . Functional domains are indicated . 
( 0030 ) FIG . 21 . Schematic diagram of PCMTD1 - SNTG1 
fusion formation . Functional domains are indicated . 
[ 0031 ] FIG . 22A - F . Pro - growth activity of MAN2A1 
FER . ( A ) Expression of MAN2A1 - FER in primary Prostate 
cancer Samples . Immunoblottings were performed using 
antibodies specific for MAN2A1 ( upper panel ) or FER 
( lower panel ) on MAN2A1 - FER RNA positive ( JB770T , 
FB174T and FB421 T ) or MAN2A1 - FER negative ( IB071 
T , IB136T and HB504T ) samples . ( B ) Expression of 

MAN2A1 - FER - FLAG in RWPE - 1 cells . RWPE - 1 cells 
were transfected with PCDNA4 - MAN2A1 - FER - FLAG / 
PCDNA6 vectors . Two stable cell lines ( RMF1 and RMF4 ) 
were selected to demonstrate tetracycline induced expres 
sion of MAN2A1 - FER - FLAG using anti - FLAG antibodies . 
( C ) Expression of MAN2A1 - FER - FLAG accelerates entry 
to S phase of cell cycle . Cell cycle phases were quantified by 
flow cytometry analysis of BrdU incorporation and pro 
pidium iodine labeling . ( D ) Co - localization of MAN2A1 
FER - FLAG and Golgi resident enzyme N - acetylgalac 
tosaminyltransferase . MAN2A1 - FER - FLAG was labeled 
with FITZ conjugated antibodies specific for FLAG , while 
N - acetylgalactosaminyltransferase was labeled with Rhod 
amine - conjugated antibodies specific for N - acetylgalac 
tosaminyltransferase . ( E ) Co - segregation of MAN2A1 
FER - FLAG and Nacetylgalactosaminyltranferase in sucrose 
gradient ultra - centrifugation . ( F ) Expression of MAN2A1 
FER - FLAG induced tyrosine phosphorylation of EGFR in 
the absence of EGFR ligand . RMF1 and RMF4 cells were 
serum starved for 72 hrs , and were subsequently induced 
with tetracycline ( 5 ug / ml ) for 12 hrs . EGFR was immuno 
precipitated with anti - EGFR antibodies , and immunoblotted 
with anti - phosphotyrosine or anti - pTyr1068 of EGFR or 
anti - EGFR antibodies . 
[ 0032 ] FIG . 23 . Specific killing of MAN2A1 - FER 
expressing cells by Crisotinib and Canertinib . Prostate can 
cer cell line PC3 was transformed with PCDNA4 - MAN2A1 
FER - FLAG / PCDNA6 . Expression of MAN2A1 - FER was 
induced with 5 ug / mL tetracycline . Cells not treated with 
tetracycline nor any drug were used as background controls . 
Upper panel : Crisotinib specifically kills cells expressing 
MAN2A1 - FER . Lower panel : Canertinib specifically kills 
cells expressing MAN2A1 - FER . 
[ 0033 ] FIG . 24 . Schematic diagram of SLC45A2 
AMACR chimera protein . Fusion between SLC45A2 and 
AMACR results in truncation of two - third of ( MFS ) domain 
in SLC45A2 , but largely retains CoA - transferase domain of 
AMACR . 
[ 0034 ] FIG . 25A - I . Pro - growth activity of SLC45A2 
AMACR . ( A ) Expression of SLC45A2 - AMACR in primary 
Prostate cancer samples . Immunoblottings were performed 
using antibodies specific for AMACR ( upper panel ) or 
SLC45A2 ( lower panel ) on SLC45A2 - AMACR RNA posi 
tive ( FBI 74T , HB207T , HB305T and FB238T ) or 
SLC45A2 - AMACR negative ( 6637T , 6647T and 1199T ) 
samples . ( B ) Expression of SLC45A2 - AMACR - FLAG in 
RWPE - 1 cells . RWPE - 1 cells were transfected with 
PCDNA4 - SLC45A2 - AMACR - FLAG / PCDNA6 vectors . 
Two stable cell lines ( RSLAM # 2 and RSLAM # 3 ) were 
selected to demonstrate tetracycline induced expression of 
SLC45A2 - AMACR - FLAG using anti - FLAG antibodies . 
( C ) SLC45A2 - AMACR is primarily located in plasma mem 
brane . Immunoblottings were performed on membranous 
fraction ( M ) and non - membranous fraction ( NM ) of 
RSLAM # 2 cells treated without tetracycline ( upper panel ) 
or with tetracycline ( lower panel ) , using antibodies specific 
for AMACR ( upper panel ) and for FLAG ( lower panel ) . ( D ) 
Immunofluorescence staining of AMACR ( upper panel ) in 
RSLAM # 2 cells treated without tetracycline using antibod 
ies specific for AMACR or of SLC45A2 - AMACR - FLAG in 
RSLAM # 2 cells treated with tetracycline using antibodies 
specific for FLAG . ( E ) Expression of SLC45A2 - AMACR 
increases cell growth in MTT assays . ( F ) Expression of 
SLC45A2 - AMACR - FLAG accelerates entry to S phase of 
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gello cell cycle . Cell cycle phases were quantified by flow cytom 
etry analysis of BrdU incorporation and propidium iodine 
labeling . ( G ) Expression of SLC45A2 - AMACR increases 
intracellular levels of PIP2 ( 3 , 4 ) . ( H ) Yeast Two - Hybrid 
validation of LC45A2 - AMACR / SHIP2 interaction . ( I ) Co 
immunoprecipitation of SHIP2 and SLC45A2 - AMACR 
FLAG in RSLAM # 2 cells . 
[ 0035 ] FIG . 26 . Ebselen specifically inhibits SLC45A2 
AMACR expressing PC3 cells . Untransformed RWPEI , 
NIH3T3 cells and SLC45A2 - AMACR transformed PC3 
cells treated with ( PC3 / SLAM tet + ) or without tetracycline 
( PC3 / SLAM tet - ) were applied with indicated concentration 
of Ebselen . Cell growths relative to unapplied controls were 
examined . IC50 for PC3 / SLAM tet + is 37 uM , while for 
PC3 / SLAM tet , is 173 uM . For NIH3T3 and RWPE1 cells , 
IC50s are > 300 UM . 
[ 0036 ] FIG . 27A - D . PTEN - NOLC1 is localized in the 
nucleus and promotes cell growth . ( A ) Immunofluorescence 
staining of PTEN and PTEN - NOLC1 - FLAG . NIH3T3 and 
PC3 cells were transformed with pCDNA4 - Pten - NOLC1 
FLAG / PCDNA6 and induced with tetracycline . Immuno 
fluorescence staining were performed using antibodies spe 
cific for FLAG epitope . Uninduced NIH3T3 cells and PC3 
cells transfected with PCMV - Pten immunostained with anti 
bodies specific for Pten were controls . ( B ) Cell proliferation 
induced by Pten - NOLC1 - FLAG . Cells ( 2000 / well ) from ( A ) 
were grown for 4 days with tetracycline . Cell numbers were 
then quantified . Cells not treated with tetracycline were 
negative controls . ( C ) Cell cycle analysis of NIH3T3 and 
PC3 cells transformed with PCDNA4 - Pten - NOLC1 - FLAG / 
PCDNA6 . ( D ) Colony formation analysis of NIH3T3 and 
PC3 cells transformed with pCDNA4 - Pten - NOLC1 - FLAG / 
PCDNA6 . 
[ 0037 ] FIG . 28A - B . Genetic therapy targeting at 
TMEM135 - CCDC67 genome breakpoint . ( A ) Transfection 
of PC3 cells containing TMEM135 - CCDC67 breakpoint 
with pTMEM135 - CCDC67 - TK - GFP and pNicKase - RFP 
ORNA - TMEM135 - CCDC67 - BrkPt resulted in integration 
and expression of TK - GFP . ( B ) Treatment of ganciclovir of 
PC3 cells and PC3 / TMEM135 - CCDC67 - BrkPt transfected 
with pTMEM135 - CCDC67 - TK - GFP and pNicKase - RFP 
ORNA - TMEM135 - CCDC67 - BrkPt resulted in specific kill 
ing of TMEM135 - CCDC67 breakpoint containing PC3 
cells . 
[ 0038 ] FIG . 29A - B . Schema of strategy to introduce 
EGFP - tk into the breakpoint of TMEM135 - CCDC67 fusion 
gene . ( A ) Diagram representation and Sanger sequencing of 
TMEM135 - CCDC67 chromosome breakpoint . Direction of 
transcription is indicated by the arrows . ( B ) Schematic 
diagram of strategy to introduce EGFP - tk into the break 
point of TMEM135 - CCDC67 . The locations of gRNA - and 
ORNA + are indicated by boxes . These gRNAs were ligated 
with Cas9D104 into VQA05 - CMV shuttle vector and recom 
bined into pAd5 virus . Separately , 584 bp of TMEM135 
intron 13 sequence and 561 bp of CCDC67 intron 9 
sequence were designed to sandwich a promoterless EGFP 
tk cDNA , ligated into PAdlox shuttle vector and recombined 
into adenovirus . A splice acceptor and a splice donor from 
exon 14 of TMEM135 were inserted between TMEM intron 
13 and EGFP - tk , and between EGFP - tk and CCDC67 intron 
9 , respectively , to allow proper EGFP - tk RNA splicing to 
occur . Cells containing TMEM135 - CCDC67 chromosome 
breakpoint were infected with these recombinant viruses . 
The integrated EGFP - tk was transcribed by the fusion head 

gene promoter in these cells , spliced and translated into 
protein product of EGFP - tk , which in turn blocks DNA 
synthesis by converting ganciclovir to ganciclovir triphos 
phate . 
[ 0039 ] FIG . 30A - D . EGFP - tk integration and expression 
in cells expressing TMEM135 - CCDC67 fusion breakpoint 
transcript . ( A ) ORNA mediated cleavage of PCMV 
TMEM135int13 - CCDC67int9 . In vitro cleavage assays 
were performed on PVU1 linearized 
pCMVTMEM135int13 - CCDC67int9 vector using recombi 
nant Cas9 , S . pyogenes and in vitro transcribed gRNA - or 
gRNA + as indicated . The cleavage generated 4317 and 3206 
bp fragments of PCMV - TMEM135int13 - CCDC67int9 vec 
tor for gRNA - , and 4414 and 3109 bp for gRNA + . ( B ) 
Genome integration and expression of TMEM135int13 
CCDC67int9 breakpoint in PC3 and DU145 cells . Top 
panel : PCR products of TMEM135int13 - CCDC67int9 
breakpoint from the genome of indicated cells ; Second from 
the top : PCR products of genomic ß - actin from the genome 
of indicated cells . Third from the top : RT - PCR products of 
TMEM135int13 - CCDC67int9 breakpoint from the mRNA 
of the indicated cells . Bottom panel : RT - PCR products of 
TMEM135int13 - CCDC67int9 breakpoint from the mRNA 
of the indicated cells . PC3 Pcmvbp denotes PC3 cells 
transfected with PCMV - TMEM135int13 - CCDC67int9 ) . 
DU145 PCMVBP denotes DU145 cells transfected with 
PCMV - TMEM135int13 - CCDC67int9 , PC3 PCMV denotes 
PC3 transfected with PCMVscript . DU145 PCMV denotes 
DU145 cells transfected with PCMV script . Primer 
sequences are listed in Table 18 . ( C ) Infection of PC3 or 
DU145 cells containing TMEM135 - CCDC67 breakpoint 
led to expression of EGFP - tk . PC3 or DU145 cells trans 
formed with PCMV - TMEM135int13 - CCDC67int9 were 
infected with PAD5 - Cas9D104 - gRNATMEM135int13 . 
ORNA CCDC67ints and PAD - TMEM135int13 - EGFP - tk 
CCDC67int9 . Expression of Cas9D10A - RFP is indicated by 
red fluorescence , while expression EGFP - tk is indicated by 
green . PC3 or DU145 cells transformed with pCMVscript 
were used as controls . ( D ) Quantification of EGFP - tk inte 
gration / expression by flow cytometry . 
[ 0040 ] FIG . 31A - B . Treatment with nucleotide analogue 
ganciclovir kills cancer cells expressing EGFP - tk . ( A ) PC3 
or DU145 cells containing the TMEM135 - CCDC67 fusion 
gene were infected with PAD5 - Cas9 – 104 . 
ORNATMEM135int13 - gRNACCDC67int9 and PAD 
TMEM135int13 - EGFP - tk - CCDC67int9 . These cells were 
then incubated with various concentrations of ganciclovir 
for 24 hours . Cell deaths were then quantified with phyco 
erythrin labeled Annexin V through flow cytometer . PC3 or 
DU145 cells harboring no TMEM135 - CCDC67 breakpoint 
were used as controls . ( B ) Representative sample of cell 
death induced by ganciclovir on cells infected with pAD5 
Cas9D104 - gRNATMEM135int13 - gRNACCDC67into and PAD 
TMEM135int13 - EGFP - t - CCDC67int9 , and treated with 5 
ug / ml ganciclovir . PC3 or DU145 cells harboring no 
TMEM135 - CCDC67 breakpoint were used as controls . 
Apoptosis was indicated by Annexin V staining . 
[ 0041 ] FIG . 32A - D . Treatment of ganciclovir induced 
remission of xenografted prostate cancers in SCID mice . ( A ) 
PC3 cells harboring the TMEM135 - CCDC67 breakpoint 
were xenografted into the subcutaneous regions of SCID 
mice . These tumors were allowed to grow for 3 week before 
the treatment . The indicated drugs were applied through 
peritoneal and local injections 3 times a week until all the 
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mice from control treatments died off . The tumor volumes 
were measured weekly . PC3 BP denotes PC3 cells trans 
formed with PCMV - TMEM135int13 - CCDC67int9 ; Aden 
denotes treatment of pAD5 - Cas9D104 - gRNATMEM135int13 . 
ORNACCDC67int9 and PAD - TMEM135int13 - EGFP - tk 
CCDC67int9 ; Gan denotes Ganciclovir ; PBS denotes phos 
phate buffer saline . ( B ) DU145 cells harboring TMEM135 
CCDC67 breakpoint were xenografted into the 
subcutaneous regions of SCID mice . These tumors were 
allowed to grow for 3 week before the treatment . The 
indicated drugs were applied through peritoneal and local 
injections 3 times a week until all the mice from control 
treatments died off . The tumor volumes were measured 
weekly . DU145 BP denotes DU145 cells transformed with 
PCMV - TMEM135int13 - CCDC67int9 ; Aden denotes treat 
ment of PAD5 - Cas90104 - gRNATMEM135int13 . 
ORNACCDC67int9 and PAD - TMEM135int13 - EGFP - tk 
CCDC67int9 ; Gan denotes Ganciclovir ; PBS denotes 
phosphate buffer saline . ( C ) Mice treated with TMEM135 
CCDC67 breakpoint therapy were free of cancer metastasis . 
( D ) Mice treated TMEM135 - CCDC67 breakpoint therapy 
had no mortality . 
[ 0042 ] FIG . 33A - B . Evidence of EGFP - tk DNA integra 
tion and expression of EGFP - tk in xenografted PC3 cell 
cancer . ( A ) Schematic diagram for the detection of 
TMEM135int13 - EGFP - tk - CCDC67int9 integration into 
TMEM135 - CCDC67 breakpoint in the PC3 cell genome . 
Arrows indicate the primer position for PCR . Putative 
integration sites that generated mutations are indicated by 
yellow stars . The PCR products obtained from xenografted 
PC3 cells that contain TMEM135 - CCDC67 breakpoint 
before virus treatment were used as reference control . PCR 
products obtained after viral ( PAD5 - Cas9D104 
ORNATMEM135int13 - gRNACCDC67int9 and 
PADTMEM135int13 - EGFP - tk - CCDC67int9 ) infections 
were sequenced . The positions of mutations due to DNA 
integration were detected through Sanger ' s sequencing . ( B ) 
Expression of Cas90104 and HSV1 - tk in PC3 or DU145 
cells that contain TMEM135 - CCDC67 breakpoint ( PC3 - BP 
and DU145 BP , respectively ) and their control counterparts 
( PC3 - CMV and DU145 CMV ) . 

t ions or sequences set forth herein ) . In a fusion gene in the 
form of mRNA , portions of RNA transcripts arising from 
both component genes are present ( not necessarily in the 
same register as the wild - type transcript and possibly includ 
ing portions normally not present in the normal mature 
transcript ) . In non - limiting embodiments , such a portion of 
genomic DNA or mRNA may comprise at least about 10 
consecutive nucleotides , or at least about 20 consecutive 
nucleotides , or at least about 30 consecutive nucleotides , or 
at least 40 consecutive nucleotides . In a fusion gene in the 
form of a protein , portions of amino acid sequences arising 
from both component genes are present ( not by way of 
limitation , at least about 5 consecutive amino acids or at 
least about 10 amino acids or at least about 20 amino acids 
or at least about 30 amino acids ) . In this paragraph , portions 
arising from both genes , transcripts or proteins do not refer 
to sequences which may happen to be identical in the wild 
type forms of both genes ( that is to say , the portions are 
“ unshared ” ) . As such , a fusion gene represents , generally 
speaking , the splicing together or fusion of genomic ele 
ments not normally joined together . 
10050 ] The fusion gene TRMT11 - GRIK2 is a fusion 
between the tRNA methyltransferase 11 homolog 
( “ TRMT11 ” ) and glutamate receptor , ionotropic , kainate 2 
( “ GRIK2 ” ) genes . The human TRMT11 gene is typically 
located on chromosome 6q11 . 1 and the human GRIK2 gene 
is typically located on chromosome 6q16 . 3 . In certain 
embodiments , the TRMT11 gene is the human gene having 
NCBI Gene ID No : 60487 , sequence chromosome 6 ; 
NC _ 000006 . 11 ( 126307576 . . . 126360422 ) and / or the 
GRIK2 gene is the human gene having NCBI Gene ID 
No : 2898 , sequence chromosome 6 ; NC _ 000006 . 11 
( 101841584 . . . 102517958 ) . In certain embodiments , the 
junction ( also referred to herein as chromosomal breakpoint 
and / or junction fragment ) of a TRMT11 - GRIK2 fusion gene 
comprises a sequence as shown in FIG . 1 and / or Table 1 . 
[ 0051 ] The fusion gene SLC45A2 - AMACR is a fusion 
between the solute carrier family 45 , member 2 
( “ SLC45A2 ” ) and alpha - methylacyl - CoA racemase 
( “ AMACR ” ) genes . The human SLC45A2 gene is typically 
located on human chromosome 5p13 . 2 and the human 
AMACR gene is typically located on chromosome 5p13 . In 
certain embodiments the SLC45A2 gene is the human gene 
having NCBI Gene ID No : 51151 , sequence chromosome 5 ; 
NC _ 000005 . 9 ( 33944721 . . . 33984780 , complement ) and / 
or the AMACR gene is the human gene having NCBI Gene 
ID No : 23600 , sequence chromosome 5 ; NC _ 000005 . 9 
( 33987091 . . . 34008220 , complement ) . In certain embodi 
ments , the junction and / or junction fragment of a SLC45A2 
AMACR fusion gene comprises a sequence as shown in 
FIG . 1 and / or Table 1 . 
[ 0052 ] The fusion gene MTOR - TP53BP1 is a fusion 
between the mechanistic target of rapamycin ( “ MTOR ” ) and 
tumor protein p53 binding protein 1 ( “ TP53BP1 ” ) genes . 
The human MTOR gene is typically located on chromosome 
1p36 . 2 and the human TP53BP1 gene is typically located on 
chromosome 15715 - 221 . In certain embodiments , the 
MTOR gene is the human gene having NCBI Gene ID 
No : 2475 , sequence chromosome 1 NC _ 000001 . 10 
( 11166588 . . . 11322614 , complement ) and / or the TP53BP1 
gene is the human gene having NCBI Gene ID No : 7158 , 
sequence chromosome 15 ; NC _ 000015 . 9 ( 43695262 . . . 
43802707 , complement ) . In certain embodiments , the junc 

5 . DETAILED DESCRIPTION OF THE 
INVENTION 

[ 0043 ] For clarity , and not by way of limitation , the 
detailed description of the invention is divided into the 
following subsections : 

( 0044 ) ( i ) fusion genes ; 
[ 0045 ] ( ii ) fusion gene detection ; 
[ 0046 ] ( iii ) methods of treatment ; 
[ 0047 ] ( iv ) genome editing techniques ; and 
[ 0048 ] ( v ) kits . 

5 . 1 Fusion Genes 
[ 0049 The term " fusion gene , ” as used herein , refers to a 
nucleic acid or protein sequence which combines elements 
of the recited genes or their RNA transcripts in a manner not 
found in the wild type / normal nucleic acid or protein 
sequences . For example , but not by way of limitation , in a 
fusion gene in the form of genomic DNA , the relative 
positions of portions of the genomic sequences of the recited 
genes is altered relative to the wild type / normal sequence 
( for example , as reflected in the NCBI chromosomal posi 
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tion and / or junction fragment of a MTOR - TP53BP1 fusion 
gene comprises a sequence as shown in FIG . 1 and / or Table 

[ 0053 ] The fusion gene LRRC59 - FLJ60017 is a fusion 
between the leucine rich repeat containing 59 ( “ LRRC59 " ) 
gene and the “ FLJ60017 ” nucleic acid . The human LRRC59 
gene is typically located on chromosome 17q21 . 33 and 
nucleic acid encoding human FLJ60017 is typically located 
on chromosome 11q12 . 3 . In certain embodiments , the 
LRRC59 gene is the human gene having NCBI Gene ID 
No : 55379 , sequence chromosome 17 ; NC _ 000017 . 10 
( 48458594 . . . 48474914 , complement ) and / or FLJ60017 
has a nucleic acid sequence as set forth in GeneBank 
AK _ 296299 . In certain embodiments , the junction and / or 
junction fragment of a LRRC59 - FLJ60017 fusion gene 
comprises a sequence as shown in FIG . 1 , FIG . 11 and / or 
Table 1 . 
[ 0054 ] The fusion gene TMEM135 - CCDC67 is a fusion 
between the transmembrane protein 135 ( “ TMEM135 ” ) and 
coiled - coil domain containing 67 ( “ CCDC67 ' ) genes . The 
human TMEM135 gene is typically located on chromosome 
11q14 . 2 and the human CCDC67 gene is typically located 
on chromosome 11921 . In certain embodiments the 
TMEM135 gene is the human gene having NCBI Gene ID 
No : 65084 , sequence chromosome 11 ; NC _ 000011 . 9 
( 86748886 . . . 87039876 ) and / or the CCDC67 gene is the 
human gene having NCBI Gene ID No : 159989 , sequence 
chromosome 11 ; NC _ 000011 . 9 ( 93063156 . . . 93171636 ) . 
In certain embodiments , the junction and / or junction frag 
ment of a TMEM135 - CCDC67 fusion gene comprises a 
sequence as shown in FIG . 1 , FIG . 11 , FIG . 29 and / or Table 
1 . 
[ 0055 ] The fusion gene CCNH - C5orf30 is a fusion 
between the cyclin H ( “ CCNH ” ) and chromosome 5 open 
reading frame 30 ( “ C5orf30 " ) genes . The human CCNH 
gene is typically located on chromosome 5q13 . 3 - q14 and the 
human C5orf30 gene is typically located on chromosome 
5q21 . 1 . In certain embodiments , the CCNH gene is the 
human gene having NCBI Gene ID No : 902 , sequence 
chromosome 5 ; NC _ 000005 . 9 ( 86687310 . . . 86708850 , 
complement ) and / or the C5orf30 gene is the human gene 
having NCBI Gene ID No : 90355 , sequence chromosome 5 ; 
NC _ 000005 . 9 ( 102594442 . . . 102614361 ) . In certain 
embodiments , the junction and / or junction fragment of a 
CCNH - C5orf30 fusion gene comprises a sequence as shown 
in FIG . 1 , FIG . 11 and / or Table 1 . 
[ 0056 ] The fusion gene KDM4B - AC011523 . 2 is a fusion 
between lysine ( K ) - specific demethylase 4B ( “ KDM4B ” ) 
and chromosomal region " AC011523 . 2 . ” The human 
KDM4B gene is typically located on chromosome 19p13 . 3 
and the human AC011523 . 2 region is typically located on 
chromosome 19q13 . 4 . In certain embodiments the KDM4B 
gene is the human gene having NCBI Gene ID NO : 23030 , 
sequence chromosome 19 ; NC _ 000019 . 9 ( 4969123 . . . 
5153609 ) ; and / or the AC011523 . 2 region comprises a 
sequence as shown in FIG . 1 . In certain embodiments , the 
junction and / or junction fragment of a KDM4B 
AC011523 . 2 fusion gene comprises a sequence as shown in 
FIG . 1 and / or Table 1 . 
[ 0057 ] The fusion gene MAN2A1 - FER is a fusion 
between mannosidase , alpha , class 2A , member 1 
( “ MAN2A1 ” ) and ( fps / fes related ) tyrosine kinase ( “ FER ” ) . 
The human MAN2A1 gene is typically located on chromo - 
some 5q21 . 3 and the human FER gene is typically located 

on chromosome 5q21 . In certain embodiments , the 
MAN2A1 gene is the human gene having NCBI Gene ID 
NO : 4124 , sequence chromosome 5 ; NC _ 000005 . 9 
( 109025156 . . . 109203429 ) or NC _ 000005 . 9 ( 109034137 
. . . 109035578 ) ; and / or the FER gene is the human gene 
having NCBI Gene ID NO : 2241 , sequence chromosome 5 : 
NC _ 000005 . 9 ( 108083523 . . . 108523373 ) . In certain 
embodiments , the junction and / or junction fragment of a 
MAN2A1 - FER fusion gene comprises a sequence as shown 
in FIG . 1 and / or Table 1 . 
10058 ] The fusion gene PTEN - NOLC1 is a fusion between 
the phosphatase and tensin homolog ( “ PTEN ” ) and nucleo 
lar and coiled - body phosphoprotein 1 ( “ NOLC1 " ) . The 
human PTEN gene is typically located on chromosome 
10q23 . 3 and the human NOLC1 gene is typically located on 
chromosome 10q24 . 32 . In certain embodiments , the PTEN 
gene is the human gene having NCBI Gene ID NO : 5728 , 
sequence chromosome 10 ; NC _ 000010 . 11 ( 87863438 . . 
87970345 ) and / or the NOLC1 gene is the human gene 
having NCBI Gene ID NO : 9221 , sequence chromosome 10 ; 
NC _ 000010 . 11 ( 102152176 . . . 102163871 ) . In certain 
embodiments , the junction and / or junction fragment of a 
PTEN - NOLC1 fusion gene comprises a sequence as shown 
in FIG . 13 and / or Table 1 . 
[ 0059 ] The fusion gene ZMPSTE24 - ZMYM4 is a fusion 
between zinc metallopeptidase STE24 ( “ ZMPSTE24 ” ) and 
zinc finger , MYM - type 4 ( “ ZMYM4 ” ) . The human ZMP 
STE24 is typically located on chromosome 1p34 and the 
human ZMYM4 gene is typically located on chromosome 
1p32 - p34 . In certain embodiments , the ZMPSTE24 gene is 
the human gene having NCBI Gene ID NO : 10269 , 
sequence chromosome 1 ; NC _ 000001 . 1 ( 40258050 . . . 
40294184 ) and / or the ZMYM4 gene is the human gene 
having NCBI Gene ID NO : 9202 , sequence chromosome 1 ; 
NC _ 000001 . 11 ( 35268850 . . . 35421944 ) . In certain 
embodiments , the junction and / or junction fragment of a 
ZMPSTE24 - ZMYM4 fusion gene comprises a sequence as 
shown in FIG . 16 . 
[ 0060 ] The fusion gene CLTC - ETV1 is a fusion between 
clathrin , heavy chain ( Hc ) ( “ “ CLT ' C ” ) and ets variant 1 
( “ ETV1 ” ) . The human CLTC is typically located on chro 
mosome 17q23 . 1 and the human ETV1 gene is typically 
located on chromosome 7p21 . 3 . In certain embodiments , the 
CLTC gene is the human gene having NCBI Gene ID NO : 
1213 , sequence chromosome 17 ; NC _ 000017 . 11 ( 59619689 
. . . 59696956 ) and / or the ETV1 gene is the human gene 
having NCBI Gene ID NO : 2115 , sequence chromosome 7 ; 
NC _ 000007 . 14 ( 13891229 . . . 13991425 , complement ) . In 
certain embodiments , the junction and / or junction fragment 
of a CLTC - ETV1 fusion gene comprises a sequence as 
shown in FIG . 16 or a fragment thereof . 
10061 ] The fusion gene ACPP - SEC13 is a fusion between 
acid phosphatase , prostate ( “ ACPP ' ) and SEC13 homolog 
( “ SEC13 ” ) . The human ACPP is typically located on chro 
mosome 3q22 . 1 and the human SEC13 gene is typically 
located on chromosome 3p25 - p24 . In certain embodiments , 
the ACPP gene is the human gene having NCBI Gene ID 
NO : 55 , sequence chromosome 3 ; NC 000003 . 12 
( 132317367 . . . 132368302 ) and / or the SEC13 gene is the 
human gene having NCBI Gene ID NO : 6396 , sequence 
chromosome 3 ; NC _ 000003 . 12 ( 10300929 . . . 10321188 , 
complement ) . In certain embodiments , the junction and / or 
junction fragment of a ACPP - SEC13 fusion gene comprises 
a sequence as shown in FIG . 16 . 
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[ 0062 ] The fusion gene DOCK7 - OLR1 is a fusion 
between dedicator of cytokinesis 7 ( “ DOCK7 " ) and oxi - 
dized low density lipoprotein ( lectin - like ) receptor 1 
( " OLR1 ” ) . The human DOCK7 is typically located on 
chromosome 1p31 . 3 and the human OLR1 gene is typically 
located on chromosome 12p13 . 2 - p12 . 3 . In certain embodi 
ments , the DOCK7 gene is the human gene having NCBI 
Gene ID NO : 85440 , sequence chromosome 1 ; NC _ 000001 . . 
11 ( 62454726 . . . 62688368 , complement ) and / or the OLR1 
gene is the human gene having NCBI Gene ID NO : 4973 , 
sequence chromosome 12 ; NC _ 000012 . 12 ( 10158300 . . . 
10172191 , complement ) . In certain embodiments , the junc 
tion and / or junction fragment of a DOCK7 - OLR1 fusion 
gene comprises a sequence as shown in FIG . 16 . 
[ 0063 ] The fusion gene PCMTD1 - SNTG1 is a fusion 
between protein - L - isoaspartate ( D - aspartate ) O - methyl 
transferase domain containing 1 ( “ PCMTD1 ” ) and syntro 
phin , gamma 1 ( " SNTG1 ” ) . The human PCMTD1 is typi 
cally located on chromosome 8q11 . 23 and the human 
SNTG1 gene is typically located on chromosome 8q11 . 21 . 
In certain embodiments , the PCMTD1 gene is the human 
gene having NCBI Gene ID NO : 115294 , sequence chro - 
mosome 8 ; NC _ 000008 . 11 ( 51817575 . . . 51899186 , 
complement ) and / or the SNTG1 gene is the human gene 
having NCBI Gene ID NO : 54212 , sequence chromosome 8 ; 
NC _ 000008 . 11 ( 49909789 . . . 50794118 ) . In certain 
embodiments , the junction and / or junction fragment of a 
PCMTD1 - SNTG1 fusion gene comprises a sequence as 
shown in FIG . 16 . 

certain embodiments , the one or more fusion genes can be 
detected in one or more samples obtained from a subject , 
e . g . , in one or more prostate cancer cell samples . In certain 
non - limiting embodiments , the fusion gene is detected by 
nucleic acid hybridization analysis . 
[ 0067 ] In certain non - limiting embodiments , the fusion 
gene is detected by fluorescent in situ hybridization ( FISH ) 
analysis . FISH is a technique that can directly identify a 
specific sequence of DNA or RNA in a cell or biological 
sample and enables visual determination of the presence 
and / or expression of a fusion gene in a tissue sample . In 
certain non - limiting embodiments , where a fusion gene 
combines genes not typically present on the same chromo 
some , FISH analysis may demonstrate probes binding to the 
same chromosome . For example , and not by way of limi 
tation , analysis may focus on the chromosome where one 
gene normally resides and then hybridization analysis may 
be performed to determine whether the other gene is present 
on that chromosome as well . 
10068 ] In certain non - limiting embodiments , the fusion 
gene is detected by DNA hybridization , such as , but not 
limited to , Southern blot analysis . 
[ 0069 ] In certain non - limiting embodiments , the fusion 
gene is detected by RNA hybridization , such as , but not 
limited to , Northern blot analysis . In certain embodiments , 
Northern blot analysis can be used for the detection of a 
fusion gene , where an isolated RNA sample is run on a 
denaturing agarose gel , and transferred to a suitable support , 
such as activated cellulose , nitrocellulose or glass or nylon 
membranes . Radiolabeled cDNA or RNA is then hybridized 
to the preparation , washed and analyzed by autoradiography 
to detect the presence of a fusion gene in the RNA sample . 
[ 0070 ] In certain non - limiting embodiments , the fusion 
gene is detected by nucleic acid sequencing analysis . 
[ 0071 In certain non - limiting embodiments , the fusion 
gene is detected by probes present on a DNA array , chip or 
a microarray . For example , and not by way of limitation , 
oligonucleotides corresponding to one or more fusion genes 
can be immobilized on a chip which is then hybridized with 
labeled nucleic acids of a sample obtained from a subject . 
Positive hybridization signal is obtained with the sample 
containing the fusion gene transcripts . 
10072 ] In certain non - limiting embodiments , the fusion 
gene is detected by a method comprising Reverse Transcrip 
tion Polymerase Chain Reaction ( “ RT - PCR ” ) . In certain 
embodiments , the fusion gene is detected by a method 
comprising RT - PCR using the one or more pairs of primers 
disclosed herein ( see , for example , Table 3 ) . 
[ 0073 ] In certain non - limiting embodiments , the fusion 
gene is detected by antibody binding analysis such as , but 
not limited to , Western Blot analysis and immunohistochem 
istry . 

5 . 2 Fusion Gene Detection 
[ 0064 ] Any of the foregoing fusion genes described above 
in section 5 . 1 may be identified and / or detected by methods 
known in the art . The fusion genes may be detected by 
detecting a fusion gene manifested in a DNA molecule , an 
RNA molecule or a protein . In certain embodiments , a 
fusion gene can be detected by determining the presence of 
a DNA molecule , an RNA molecule or protein that is 
encoded by the fusion gene . For example , and not by way of 
limitation , the presence of a fusion gene may be detected by 
determining the presence of the protein encoded by the 
fusion gene . 
[ 0065 ] The fusion gene may be detected in a sample of a 
subject . A " patient ” or “ subject , " as used interchangeably 
herein , refers to a human or a non - human subject . Non 
limiting examples of non - human subjects include non - hu 
man primates , dogs , cats , mice , etc . The subject may or may 
not be previously diagnosed as having prostate cancer . 
[ 0066 ] In certain non - limiting embodiments , a sample 
includes , but is not limited to , cells in culture , cell super 
natants , cell lysates , serum , blood plasma , biological fluid 
( e . g . , blood , plasma , serum , stool , urine , lymphatic fluid , 
ascites , ductal lavage , saliva and cerebrospinal fluid ) and 
tissue samples . The source of the sample may be solid tissue 
( e . g . , from a fresh , frozen , and / or preserved organ , tissue 
sample , biopsy , or aspirate ) , blood or any blood constituents , 
bodily fluids ( such as , e . g . , urine , lymph , cerebral spinal 
fluid , amniotic fluid , peritoneal fluid or interstitial fluid ) , or 
cells from the individual , including circulating cancer cells . 
In certain non - limiting embodiments , the sample is obtained 
from a cancer . In certain embodiments , the sample may be 
a “ biopsy sample ” or “ clinical sample , " which are samples 
derived from a subject . In certain embodiments , the sample 
includes one or more prostate cancer cells from a subject . In 

5 . 3 Methods of Treatment 
[ 0074 ] The present invention provides methods of treating 
a subject carrying one or more fusion genes . Non - limiting 
examples of fusion genes are disclosed herein and in section 
5 . 1 . In certain embodiments , the methods of treatment 
include performing a targeted genome editing technique on 
one or more prostate cancer cells within the subject to 
produce an anti - cancer effect . Non - limiting examples of 
genome editing techniques are disclosed in section 5 . 4 . 
[ 0075 ] An “ anti - cancer effect ” refers to one or more of a 
reduction in aggregate cancer cell mass , a reduction in 



US 2017 / 0240924 A1 Aug . 24 , 2017 

gene on one or more cancer cells within the subject , e . g . , one 
or more prostate cancer cells , to produce an anti - cancer 
effect . 
[ 0082 ] In certain embodiments , the method of treating a 
subject comprises determining the presence of one or more 
fusion genes selected from the group consisting of ZMP 
STE24 - ZMYM4 , CLTC - ETV1 , ACPP - SEC13 , DOCK7 
OLR1 , PCMTD1 - SNTG1 or a combination thereof in a 
sample of the subject , where if one or more fusion genes are 
detected in the sample then performing a targeted genome 
editing technique on one or more cancer cells within the 
subject , e . g . , one or more prostate cancer cells , to produce an 
anti - cancer effect . 
[ 0083 ] In certain embodiments , the sample in which the 
one or more fusion genes are detected is a prostate cancer 
sample . 
[ 0084 ] In certain embodiments , the fusion gene in a 
sample is detected by genome sequencing . In certain 
embodiments , the fusion gene in a sample is detected by 
RNA sequencing . In certain embodiments , the fusion gene in 
a sample is detected by FISH . 

cancer cell growth rate , a reduction in cancer progression , a 
reduction in cancer cell proliferation , a reduction in tumor 
mass , a reduction in tumor volume , a reduction in tumor cell 
proliferation , a reduction in tumor growth rate and / or a 
reduction in tumor metastasis . In certain embodiments , an 
anti - cancer effect can refer to a complete response , a partial 
response , a stable disease ( without progression or relapse ) , 
a response with a later relapse or progression - free survival 
in a patient diagnosed with cancer . In certain embodiments , 
an anti - cancer effect can refer to the induction of cell death , 
e . g . , in one or more cells of the cancer , and / or the increase 
in cell death within a tumor mass . 
[ 0076 ] In certain embodiments , a method of treating a 
subject comprises determining the presence of one or more 
fusion genes in a sample of the subject , where if one or more 
fusion genes are present in the sample then performing a 
targeted genome editing technique on one or more cells 
within the subject to produce an anti - cancer effect . In certain 
embodiments , the genome editing technique specifically 
targets the cells that carry the fusion gene , e . g . , by specifi 
cally targeting a nucleic acid sequence of the fusion gene . 
Non - limiting examples of techniques for identifying and / or 
detecting a fusion gene are disclosed in section 5 . 2 . 
10077 ] In certain embodiments , the method can include 
determining the presence or absence of one or more , two or 
more , three or more , four or more , five or more , six or more , 
seven or more , eight or more , nine or more , ten or more , 
eleven or more , twelve or more , thirteen or more or all 
fourteen of the fusion genes disclosed herein . In certain 
embodiments , the one or more fusion genes can be selected 
from the group consisting of TRMT11 - GRIK2 , SLC45A2 
AMACR , MTOR - TP53BP1 , LRRC59 - FLJ60017 , 
TMEM135 - CCDC67 , KDM4B - AC011523 . 2 , MAN2A1 
FER , PTEN - NOLC1 , CCNH - C5orf30 , ZMPSTE24 
ZMYM4 , CLTC - ETV1 , ACPP - SEC13 , DOCK7 - OLR1 , 
PCMTD1 - SNTG1 or a combination thereof . 
[ 0078 ] In certain embodiments , the fusion gene can be 
TMEM135 - CCDC67 . 
[ 0079 ] In certain embodiments , the fusion gene can be 
CCNH - C5orf30 . 
[ 0080 ] In certain embodiments , the method of treating a 
subject comprises determining the presence of one or more 
fusion genes selected from the group consisting MAN2A1 
FER , TMEM135 - CCDC67 , TRMT11 - GRIK2 , CCNH 
C5orf30 , LRRC59 - FLJ60017 , SLC45A2 - AMACR , 
KDM4B - AC011523 . 2 , PTEN - NOLC1 , MTOR - TP53BP1 
or a combination thereof in a sample of the subject , where 
if one or more fusion genes are detected in the sample then 
performing a targeted genome editing technique on one or 
more cancer cells within the subject , e . g . , one or more 
prostate cancer cells , to produce an anti - cancer effect . 
[ 0081 ] In certain embodiments , the method of treating a 
subject comprises determining the presence of one or more 
fusion genes selected from the group consisting of 
TRMT11 - GRIK2 , SLC45A2 - AMACR , MTOR - TP53BP1 , 
LRRC59 - FLJ60017 , TMEM135 - CCDC67 , KDM4B 
AC011523 . 2 , MAN2A1 - FER , PTEN - NOLCI , CCNH 
C5orf30 , ZMPSTE24 - ZMYM4 , CLTC - ETVI , ACPP 
SEC13 , DOCK7 - OLR1 , PCMTD1 - SNTG1 or a 
combination thereof in a sample of the subject , where if one 
or more fusion genes are detected in the sample then 
performing a genome editing technique targeting the fusion 

5 . 4 Genome Editing Techniques 
[ 0085 ] Genome editing is a technique in which endog 
enous chromosomal sequences present in one or more cells 
within a subject , can be edited , e . g . , modified , using targeted 
endonucleases and single - stranded nucleic acids . The 
genome editing method can result in the insertion of a 
nucleic acid sequence at a specific region within the genome , 
the excision of a specific sequence from the genome and / or 
the replacement of a specific genomic sequence with a new 
nucleic acid sequence . A non - limiting example of a genome 
editing technique is the CRISPR / Cas 9 system . Non - limiting 
examples of such genome editing techniques are disclosed in 
PCT Application Nos . WO 2014 / 093701 and WO 2014 / 
165825 , the contents of which are hereby incorporated by 
reference in their entireties . 
[ 0086 ] In certain embodiments , the genome editing tech 
nique can include the use of one or more guide RNAS 
( gRNAs ) , complementary to a specific sequence within a 
genome , e . g . , a chromosomal breakpoint associated with a 
fusion gene , including protospacer adjacent motifs ( PAMs ) , 
to guide a nuclease , e . g . , an endonuclease , to the specific 
genomic sequence . A non - limiting example of an endonu 
clease includes the clustered , regularly interspaced short 
palindromic repeat ( CRISPR ) associated protein 9 ( Cas9 ) . In 
certain embodiments , the endonuclease can result in the 
cleavage of the targeted genome sequence and allow modi 
fication of the genome at the cleavage site through nonho 
mologous end joining ( NHEJ ) or homologous recombina 
tion . 
[ 0087 ) In certain embodiments , the genome editing 
method and / or technique can be used to target a sequence of 
a fusion gene present in a cell , e . g . , in a prostate cancer cell , 
to promote homologous recombination to insert a nucleic 
acid into the genome of the cell . For example , and not by 
way of limitation , the genome editing technique can be used 
to target the region where the two genes of the fusion gene 
are joined together ( i . e . , the junction and / or chromosomal 
breakpoint ) . As normal , non - cancerous , prostate cells do not 
contain the fusion gene , and therefore do not contain the 
chromosomal breakpoint associated with the fusion gene , 
prostate cancer cells can be specifically targeted using this 
genome editing technique . In certain embodiments , the 
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genome editing technique can be used to target the junction 
( i . e . , breakpoint ) of a fusion gene selected from TRMT11 
GRIK2 , SLC45A2 - AMACR , MTOR - TP53BP1 , LRRC59 
FLJ60017 , TMEM135 - CCDC67 , KDM4B - AC011523 . 2 , 
MAN2A1 - FER , PTEN - NOLC1 , CCNH - C5orf30 , ZMP 
STE24 - ZMYM4 , CLTC - ETV1 , ACPP - SEC13 , DOCK7 
OLR1 and PCMTD1 - SNTG1 . For example , and not by way 
of limitation , the gRNAs can be designed to target ( e . g . , be 
complementary to ) the sequences flanking the chromosomal 
breakpoint region ( see , for example , FIGS . 15 and 29 ) to 
guide an endonuclease , e . g . , Cas90104 , to the chromosomal 
breakpoint region . 
[ 0088 ] In certain embodiments , the disclosed genome edit 
ing technique can be used to promote homologous recom 
bination with a sequence of a fusion gene , e . g . , at a chro 
mosomal breakpoint ( junction ) of a fusion gene , in one or 
more cells of a subject to allow the insertion of a nucleic acid 
sequence that when expressed results in the death , e . g . , 
apoptosis , of the one or more cells . For example , and not by 
way of limitation , the nucleic acid sequence ( also referred to 
herein as a donor nucleic acid ) can encode the Herpes 
Simplex Virus 1 ( HSV - 1 ) thymidine kinase , Exotoxin A 
from Pseudomonas aeruginosa , Diphtheria toxin from 
Corynebacterium diphtheri , Ricin or abrin from Ricinus 
communi ( castor oil plant ) , Cytosine deaminase from bac 
teria or yeast , Carboxyl esterase or Varicella Zoster virus 
( VZV ) thymidine kinase . Additional non - limiting examples 
of nucleic acids and / or genes that can be inserted into the 
genome of a cell carrying a fusion gene to induce cell death 
are disclosed in Rajab et al . ( 2013 ) ( J . of Genetics Syn 
dromes and Gene Therapy , 4 ( 9 ) : 187 ) and Zarogoulidis et al . 
( 2013 ) ( J . of Genetics Syndromes and Gene Therapy , 4 ( 9 ) : 
pii : 16849 ) . In certain non - limiting embodiments , the 
nucleic acid sequence , e . g . , the HSV - 1 thymidine kinase 
nucleic acid sequence , is not operably linked to a regulatory 
sequence promoter ( e . g . , a promoter ) and requires integra 
tion into the genome for expression . For example , and not by 
way of limitation , the promoter of the head gene of the 
fusion gene can promote the expression of the donor nucleic 
acid sequence . 
[ 0089 ] In certain embodiments where a nucleic acid 
encoding HSV - 1 thymidine kinase is inserted in the genome 
of one or more cells of a subject , a therapeutically effective 
amount of the guanine derivative , ganciclovir , or its oral 
homolog , valganciclovir , can be administered to the subject . 
HSV - 1 thymidine kinase can phosphorylate and convert 
ganciclovir and / or valganciclovir into the triphosphate 
forms of ganciclovir and / or valganciclovir in the one or 
more cells of the subject . The triphosphate form of ganci 
clovir and / or valganciclovir acts as competitive inhibitor of 
deoxyguanosine triphosphate ( dGTP ) and is a poor substrate 
of DNA elongation , and can result in the inhibition of DNA 
synthesis . The inhibition of DNA synthesis , in turn , can 
result in the reduction and / or inhibition of growth and / or 
survival and / or cell death of prostate cancer cells that 
contain the targeted chromosomal breakpoint and the inte 
grated HSV - 1 thymidine kinase nucleic acid sequence . This 
genome editing method can be used to produce an anti 
cancer effect in a subject , e . g . , a prostate cancer subject , that 
has been determined to have a fusion gene and / or an 
increased risk for progressive prostate cancer . 
[ 0090 ] In certain embodiments , a genome editing tech 
nique of the present disclosure can include the introduction 
of an expression vector comprising a nucleic acid sequence 

that encodes a Cas protein or a mutant thereof , e . g . , 
Cas9b104 , into one or more cells of the subject , e . g . , prostate 
cancer cells , carrying a fusion gene . In certain embodiments , 
the vector can further comprise one or more gRNAs for 
targeting the Cas9 protein to a specific nucleic acid sequence 
within the genome . 
10091 ] In certain embodiments , the one or more gRNAs 
can hybridize to a target sequence within a fusion gene . For 
example , and not by way of limitation , the one or more 
gRNAs can target the chromosomal breakpoint of a fusion 
gene and / or target the one or more sequences that flank the 
chromosomal breakpoint region . Non - limiting examples of 
sequences of fusion gene chromosomal breakpoints are 
disclosed herein and within the Figures ( see , for example , 
Table 1 ) . In certain embodiments , one gRNA can be comple 
mentary to a region within one of the genes of the fusion 
gene and another gRNA can be complementary to a region 
within the other gene of the fusion gene . For example , and 
not by way of limitation , one gRNA can be complementary 
to a region within the TMEM135 gene of the TMEM135 
CCDC67 fusion gene and another gRNA can be comple 
mentary to a region within the CCDC67 gene . In certain 
embodiments , one gRNA can be complementary to a region 
upstream of the chromosomal breakpoint of a fusion gene 
and another gRNA can be complementary to a region 
downstream of the chromosomal breakpoint . In certain 
embodiments , genome sequencing can be performed to 
determine the regions of the fusion gene that can be targeted 
by the gRNAs . In certain embodiment , the regions of the 
genes that are targeted by the gRNAs can be introns and / or 
exons . 
[ 0092 ] In certain embodiments , the nucleic acid sequence 
encoding the Cas protein can be operably linked to a 
regulatory element , and when transcribed , the one or more 
gRNAs can direct the Cas protein to the target sequence in 
the genome and induce cleavage of the genomic loci by the 
Cas protein . In certain embodiments , the Cas9 protein cut 
about 3 - 4 nucleotides upstream of the PAM sequence pres 
ent adjacent to the target sequence . In certain embodiments , 
the regulatory element operably linked to the nucleic acid 
sequence encoding the Cas protein can be a promoter , e . g . , 
an inducible promoter such as a doxycycline inducible 
promoter . The term " operably linked , " when applied to 
DNA sequences , for example in an expression vector , indi 
cates that the sequences are arranged so that they function 
cooperatively in order to achieve their intended purposes , 
i . e . , a promoter sequence allows for initiation of transcrip 
tion that proceeds through a linked coding sequence as far as 
the termination signal . 
[ 0093 ] In certain embodiments , the Cas9 enzyme encoded 
by a vector of the present invention can comprise one or 
more mutations . The mutations may be artificially intro 
duced mutations or gain - or loss - of - function mutations . 
Non - limiting examples of such mutations include mutations 
in a catalytic domain of the Cas9 protein , e . g . , the RuvC and 
HNH catalytic domains , such as the D10 mutation within the 
RuvC catalytic domain and the H840 in the HNH catalytic 
domain . In certain embodiments , a mutation in one of the 
catalytic domains of the Cas9 protein results in the Cas9 
protein functioning as a “ nickase , ” where the mutated Cas9 
protein cuts only one strand of the target DNA , creating a 
single - strand break or “ nick . ” In certain embodiments , the 
use of a mutated Cas9 protein , e . g . , Cas9 ” 104 , allows the use 
of two gRNAs to promote cleavage of both strands of the 
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target DNA . Additional non - limiting examples of Cas9 
mutations include VP64 , KRAB and SID4X . 
[ 0094 ] In certain embodiments , the genome editing tech 
nique of the present disclosure can further include introduc 
ing into the one or more cells an additional vector compris 
ing a nucleic acid , that when expressed results in the death , 
e . g . , apoptosis , of the one or more cells . In certain embodi 
ments , this vector can further comprise one or more target 
ing sequences that are complementary ( e . g . , can hybridize ) 
to the same and / or adjacent to the genomic sequences 
targeted by the gRNAs to allow homologous recombination 
to occur and insertion of the nucleic acid sequence ( i . e . , 
donor nucleic acid sequence ) into the genome . In certain 
embodiments , the additional vector can further comprise one 
or more splice tag sequences of an exon / intron junction of a 
gene that makes up the fusion gene . In certain embodiments , 
the targeting sequences can be complementary to an intron , 
exon sequence and / or intron / extron splicing sequence within 
a gene of the fusion gene . In certain embodiments , one 
targeting sequence can be complementary to a region within 
one of the genes of the fusion gene targeted by the gRNAs 
and a second targeting sequence can be complementary to a 
region within the other gene of the fusion gene , to allow 
homologous recombination between the vector comprising 
the donor nucleic acid and the genome sequence cleaved by 
the Cas9 protein . For example , and not by way of limitation , 
one targeting sequence can be complementary to a region 
within the TMEM135 gene of the TMEM135 - CCDC67 

fusion gene and another targeting sequence can be comple 
mentary to a region within the CCDC67 gene . In certain 
embodiments , one targeting sequence can be complemen 
tary to a region upstream of the cleavage site generated by 
the Cas9 protein and another targeting sequence can be 
complementary to a region downstream of the chromosomal 
breakpoint . Non - limiting examples of the types of nucleic 
acid sequences that can be inserted into the genome are 
disclosed above . In certain embodiments , the nucleic acid 
that is to be inserted into the genome encodes HSV - 1 
thymidine kinase . Additional non - limiting examples of 
nucleic acids and / or genes that can be inserted into the 
genome of a cell carrying a fusion gene to induce cell death 
are set forth above . 
[ 0095 ] The vectors for use in the present disclosure can be 
any vector known in the art . For example , and not by way 
of limitation , the vector can be derived from plasmids , 
cosmids , viral vectors and yeast artificial chromosomes . In 
certain embodiments , the vector can be a recombinant 
molecule that contains DNA sequences from several 
sources . In certain embodiments , the vector can include 
additional segments such as , but not limited to , promoters , 
transcription terminators , enhancers , internal ribosome entry 
sites , untranslated regions , polyadenylation signals , select 
able markers , origins of replication and the like . In certain 
embodiments , the vectors can be introduced into the one or 
more cells by any technique known in the art such as by 
transfection and transduction . In certain embodiments , the 
vectors can be introduced by adenovirus tranduction . 

TABLE 1 

Fusion gene junction sequences and siRNA sequences targeting 
the fusion gene junctions . 

MAN2A1 - FER 
MANZAT FER 

CCAAATACIATICACAAACAcccTATCACCCAAATTTTcGICA AGTATA 
TAAGGGCACA ( SEQ ID NO : 1 ) 

siRNA sequence for MAN2A1 - FER : 
Sense Strand : 
5 ' RCrArGrCrCrUrArUrGrArGrGrGrArArArUrUrUrUrGrGrUGA ( SEO ID 
NO : 2 ) 
Antisense Strand : 
5 ' RUrCrArCrCrArArArArUrUrUrcrcrcrUrCrArUrArGrGrCrUrGrUru 
( SEQ ID NO : 3 ) 

SLC45A2 - AMACR 

SLC??? AMACR 

TCCACTACCATGOCOTCHESACAGGTGTCATGGAGAAACICCAGCTGGGG 

CCAGAGA ( SEQ ID NO : 4 ) 

siRNA sequence for SLC45A2 - AMACR : 
Sense Strand : 
5 ' RUrGrcrcrcrurcrurUrCrArCrArGrGrUrGrUrCrArUrGrGAG ( SEQ ID 
NO : 5 ) 
Antisense Strand : 5 ' RcrUrCrCrArUrGrArCrArCrCrUrGrUrGrArArGrArGrGrGrCrArurg 
( SEQ ID NO : 6 ) 

MTOR - TP53BP1 
MTOR TPB3BPT IP : 53BPI 

TecACAACCAAccAACCAccAccereccceAAperCACIGC 
AATCTCCTCCTGC ( SEQ ID NO : 7 ) 
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TABLE 1 - continued 

Fusion gene junction sequences and siRNA sequences targeting 
the fusion gene junctions . 

Sense Strand : 
5 ! RGrUrCrArGrGrArUrUrcrcrUrUrGrUrUrCrUrGrGrGrArATG ( SEO ID 

NO : 8 ) 
Antisense Strand : 
5 ! RCrArUrUrcrcrcrArGrArArCrArArGrGrArArUrCrCrUrGrArCrUru 

( SEQ ID NO : 9 ) 

TMEM135 - CCDC67 
TMEM135 CCDC67 

TTTTAAPACTCACGAAGGGCAAATAAGAAGCCAACTCCAACAGGTGGAAG : 

AGTACCA ( SEQ ID NO : 10 ) 

siRNA sequence for TMEM135 - CCDC67 : 
Sense Strand : 
5 ' RGrArCrUrCrArCrCrArArGrGrGrCrArArArUrArArGrArAGC ( SEQ ID 
NO : 11 ) 
Antisense Strand : 
5 ! RGrCrUrUrCrUrUrArUrUrUrGrcrcrcrUrUrGrGrUrGrArGrUrCrUrU 

( SEQ ID NO : 12 ) 

CCNH - C5orf30 
GCNH CSORF30 

TGTCACACITACTAGATATAATGAAAATACCTGCAGTAGAACAGAAAAATS 9900000000000000 

TATTATGTCT ( SEQ ID NO : 13 ) 

siRNA sequence for CCNH - C5orf30 : 
Sense Strand : 

5 ' RArUrGrArArArArUrArcrcrurGrGrArGrUrArGrArArCrAGA ( SEQ ID 
NO : 14 ) 
Antisense Strand : 

5 ' RUrCrUrGrUrUrcrUrArcrUrcrcrArGrGrUrArUrUrUrUrCrArUrUrA 
( SEQ ID NO : 15 ) 

KDM4B - AC011523 . 2 

KDM4B AC01152382 
AASTAGCTGCACTTTGGGGAGASTAAGACCIGGACAGTAAGCAAGCCTGG : 

ATCTGAGAGA ( SEQ ID NO : 16 ) 

siRNA sequence for KDM4 - AC011523 . 2 : 
Sense Strand : 
5 ' RGrArGrCrCrUrArArGrUrCrCrUrGrGrArCrArGrUrArArGCA 
( SEQ ID NO : 17 ) 
Antisense Strand : 
5 ' RUrGrCrUrUrArCrUrGrUrCrCrArGrGrArCrUrUrArGrGrCrUrcrcrc 
( SEQ ID NO : 18 ) 

TRMT11 - GRIK2 
TRMIO GRIK2 

AGCATCTGGACHOCG CTGCOCGTGGTATTTTTGAATATGTGGAATCTG : 

GCCCAATGGGAGCTS ( SEQ ID NO : 19 ) 
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TABLE 1 - continued 
Fusion gene junction sequences and siRNA sequences targeting 

the fusion gene junctions . 

siRNA sequence for TRMT11 - GRIK2 : 
Sense Strand : 
5 ' RCrCrGrcrcrUrGrcrcrGrGrUrGrGrUrArUrUrUrUrUrGrAAT ( SEQ ID 
NO : 20 ) 
Antisense Strand : 
5 ! RArUrUrCrArArArArArUrArCrCrArcrcrGrGrCrArGrGrCrGrGrArA 
( SEO ID NO : 21 ) 

LRRC59 - FLJ60017 
LRRC69 FLJ : 60017 

CTGCT TGGATGAGAAGCACIGTAAGCAGTGTGCAAACAAGGTGACIGGAA 
GCACCTGCTCAATGGCTG ( SEQ ID NO : 22 ) 

siRNA sequence for LARC59 - F1160017 : 
Sense Strand : 
5 ' RArCrArArGrGrUrGrArcrurGrGrArArGrCrArcrcrurGrTC ( SEQ ID 
NO : 23 ) 
Antisense Strand : 
5 ' RGrArGrCrArGrGrUrGrCrUrUrCrCrArGrUrCrArcrcrUrUrGrUrUru 
( SEQ ID NO : 24 ) 

PTEN - NOLC1 

PTEN NOLCI 

AAGCCAACCGATACTRIESTOCARATTSTAAGACACAGCAGGATGCCAATU 
CCCTCTTCCCTCTTAGAC ( SEQ ID NO : 25 ) 

siRNA sequence for PTEN - NOLC1 : 
Sense Strand : 
5 ' RcrUrcrcrArArArUrUrUrUrArArGrArCrArCrArGrCrArGGA 
( SEQ ID NO : 26 ) 
Antisense Strand : 
5 ' RUrCrcrUrGrCrUrGrUrGrUrCrUrUrArArArArUrUrUrGrGrArGrArA 
( SEQ ID NO : 27 ) 
The head gene is in highlighted in dark gray and the tail gene is in light gray . 
Targeted sequences are underlined and bolded . 

[ 0096 ] 5 . 4 . 1 Particular Non - Limiting Examples 
[ 0097 ] In certain embodiments , a genome editing tech 
nique of the present invention comprises introducing into 
one or more cells of a subject : ( i ) a vector comprising a 
nucleic acid sequence that encodes a Cas9 protein , or mutant 
thereof ; ( ii ) a vector comprising one or more gRNAs that are 
complementary to one or more target sequences of a fusion 
gene , that when expressed induce Cas9 - mediated DNA 
cleavage within the fusion gene ; and ( iii ) a vector compris 
ing a donor nucleic acid sequence , that when expressed 
results in cell death , and one or more targeting sequences 
that are complementary to one or more sequences of the 
fusion gene to promote homologous recombination and the 
insertion of the donor nucleic acid sequence into the fusion 
gene . 

[ 0098 ] In certain embodiments , a genome editing tech 
nique of the present invention comprises introducing into 
one or more cells of a subject : ( i ) a vector comprising a 
nucleic acid sequence that encodes a Cas9 protein , or mutant 
thereof , and one or more gRNAs that are complementary to 
one or more target sequences of a fusion gene , wherein when 
transcribed , the one or more gRNAs direct sequence - specific 
binding of a Cas9 protein to the one or more target sequences 
of the fusion gene to promote cleavage of the fusion gene ; 
and ( ii ) a vector comprising a donor nucleic acid sequence , 

that when expressed results in cell death , and one or more 
targeting sequences that are complementary to one or more 
sequences of the fusion gene to promote homologous recom 
bination and the insertion of the donor nucleic acid sequence 
into the fusion gene . 
[ 0099 ] In certain embodiments , a genome editing tech 
nique of the present invention comprises introducing into 
one or more cells of a subject : ( i ) a vector comprising a 
nucleic acid sequence that encodes Cas9 protein , or mutant 
thereof , and one or more gRNAs that are complementary to 
one or more target sequences of a fusion gene , wherein when 
transcribed , the one or more gRNAs direct sequence - specific 
binding of a Cas9 protein to the one or more target sequences 
of the fusion gene to promote cleavage of the fusion gene ; 
and ( ii ) a vector comprising a donor nucleic acid sequence 
encoding HSV - 1 thymidine kinase and one or more targeting 
sequences that are complementary to one or more sequences 
of the fusion gene to promote homologous recombination 
and the insertion of the donor nucleic acid sequence encod 
ing HSV - 1 thymidine kinase into the fusion gene . In certain 
embodiments , the genome editing technique further com 
prises the administration of a therapeutically effective 
amount of ganciclovir and / or valganciclovir . 

5 . 5 Kits 
[ 0100 ] The present invention further provides kits for 
treating a subject that carries one or more of the fusion genes 
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disclosed herein . In certain embodiments , the present dis - 
closure provides kits for performing a targeted genome 
editing technique on one or more cancer cells , e . g . , prostate 
cancer cells , within the subject that carries one or more of 
the fusion genes disclosed herein . 
[ 0101 ] Types of kits include , but are not limited to , pack 
aged fusion gene - specific probe and primer sets ( e . g . , Taq 
Man probe / primer sets ) , arrays / microarrays , antibodies , 
which further contain one or more probes , primers , or other 
reagents for detecting one or more fusion genes and / or can 
comprise means for performing a genome editing technique . 
10102 ] In certain embodiments , the kit can include means 
for performing the genome editing techniques disclosed 
herein . For example , and not by way of limitation , a kit of 
the present disclosure can include a container comprising 
one or more vectors or plasmids comprising a nucleic acid 
encoding a Cas protein , e . g . , Cas95104 . In certain embodi 
ments , the nucleic acid encoding the Cas protein can be 
operably linked to a regulatory element such as a promoter . 
In certain embodiments , the one or more vectors can further 
comprise one or more gRNAs specific to a fusion gene , e . g . , 
specific to a breakpoint of a fusion gene and / or sequences 
flanking the breakpoint of a fusion gene . 
10103 ] In certain embodiments , a kit of the present inven 
tion can include , optionally in the same container as the 
vector comprising the nucleic acid encoding a Cas protein or 
in another container , one or more vectors or plasmids 
comprising a nucleic acid , that when expressed in the 
presence of absence of a compound ) results in cell death . For 
example , and not by way of limitation , the nucleic acid 
sequence can encode the Herpes Simplex Virus 1 ( HSV - 1 ) 
thymidine kinase , Exotoxin A from Pseudomonas aerugi 
nosa , Diphtheria toxin from Corynebacterium diphtheri , 
Ricin or abrin from Ricinus communi castor oil plant ) , 
Cytosine deaminase from bacteria or yeast , Carboxyl 
esterase or Varicella Zoster virus ( VZV ) thymidine kinase . 
In certain embodiments , this vector can further comprise one 
or more targeting sequences that are complementary to 
sequences within the fusion gene to promote homologous 
recombination and insertion of the donor nucleic acid . 
10104 ] In certain embodiments , where the donor nucleic 
acid encodes HSV - 1 thymidine kinase , the kit can further 
comprise ganciclovir and / or valganciclovir . 
[ 0105 ] In certain non - limiting embodiments , a kit of the 
present disclosure can further comprise one or more nucleic 
acid primers or probes and / or antibody probes for use in 
carrying out any of the above - listed methods . Said probes 
may be detectably labeled , for example with a biotin , 
colorimetric , fluorescent or radioactive marker . A nucleic 
acid primer may be provided as part of a pair , for example 
for use in polymerase chain reaction . In certain non - limiting 
embodiments , a nucleic acid primer may be at least about 10 
nucleotides or at least about 15 nucleotides or at least about 
20 nucleotides in length and / or up to about 200 nucleotides 
or up to about 150 nucleotides or up to about 100 nucleotides 
or up to about 75 nucleotides or up to about 50 nucleotides 
in length . An nucleic acid probe may be an oligonucleotide 
probe and / or a probe suitable for FISH analysis . In specific 
non - limiting embodiments , the kit comprises primers and / or 
probes for analysis of at least two , at least three , at least four , 
at least five , six , seven , eight , nine , ten , eleven , twelve , 
thirteen , fourteen of TRMT11 - GRIK2 , SLC45A2 - AMACR , 
MTOR - TP53BP1 , LRRC59 - FLJ60017 , TMEM135 
CCDC67 , KDM4B - AC011523 . 2 , MAN2A1 - FER , PTEN 

NOLC1 , CCNH - C5orf30 , ZMPSTE24 - ZMYM4 , CLTC 
ETV1 , ACPP - SEC13 , DOCK7 - OLR1 and PCMTD1 
SNTG1 . 
[ 0106 ] In certain non - limiting embodiments , the nucleic 
acid primers and / or probes may be immobilized on a solid 
surface , substrate or support , for example , on a nucleic acid 
microarray , wherein the position of each primer and / or probe 
bound to the solid surface or support is known and identi 
fiable . The nucleic acid primers and / or probes can be affixed 
to a substrate , such as glass , plastic , paper , nylon or other 
type of membrane , filter , chip , bead , or any other suitable 
solid support . The nucleic acid primers and / or probes can be 
synthesized directly on the substrate , or synthesized separate 
from the substrate and then affixed to the substrate . The 
arrays can be prepared using known methods . 
[ 0107 ] In non - limiting embodiments , a kit provides 
nucleic acid probes for FISH analysis of one or more fusion 
gene selected from the group consisting of : TRMT11 
GRIK2 , SLC45A2 - AMACR , MTOR - TP53BP1 , LRRC59 
FLJ60017 , TMEM135 - CCDC67 , CCNH - C5orf30 , 
TRMT11 - GRIK2 , SLC45A2 - AMACR , KDM4B 
AC011523 . 2 . MAN2A1 - FER , PTEN - NOLC1 , MTOR 
TP53BP1 , ZMPSTE24 - ZMYM4 , CLTC - ETVI , ACPP 
SEC13 , DOCK7 - OLR1 or PCMTD1 - SNTG1 . In non 
limiting embodiments , a kit provides nucleic acid probes for 
FISH analysis of one or more fusion gene selected from the 
group consisting of : TRMT1 1 - GRIK2 , SLC45A2 - AMACR , 
MTOR - TP53BP1 , LRRC59 - FLJ60017 , TMEM135 
CCDC67 , PTEN - NOLC1 and CCNH - C5orf30 , and 
TRMT11 - GRIK2 , SLC45A2 - AMACR , KDM4B 
AC011523 . 2 , MAN2A1 - FER and MTOR - TP53BP1 . In spe 
cific non - limiting embodiments , probes to detect a fusion 
gene may be provided such that separate probes each bind to 
the two components of the fusion gene or a probe may bind 
to a " junction ” that encompasses the boundary between the 
spliced genes . For example , and not by way of limitation , the 
junction is the region where the two genes are joined 
together . In specific non - limiting embodiments , the kit com 
prises said probes for analysis of at least two , at least three , 
at least four or all five of ZMPSTE24 - ZMYM4 , CLTC 
ETV1 , ACPP - SEC13 , DOCK7 - OLR1 or PCMTD1 - SNTG1 . 
An example of FISH analysis used to identify a fusion gene 
is provided in Example 1 below . 
[ 0108 ] In non - limiting embodiments , a kit provides 
nucleic acid primers for PCR analysis of one or more fusion 
gene selected from the group consisting of : TRMT11 
GRIK2 , SLC45A2 - AMACR , MTOR - TP53 BP1 , LRRC59 
FLJ60017 , TMEM135 - CCDC67 , PTEN - NOLC1 , CCNH 
C5orf30 , TRMT111 - GRIK2 , SLC45A2 - AMACR , 
KDM4B - AC011523 . 2 , MAN2A - FER or MTOR - TP53BP1 . 
In non - limiting embodiments , a kit provides nucleic acid 
primers for PCR analysis of one or more fusion gene 
selected from the group consisting of : ZMPSTE24 
ZMYM4 , CLTC - ETV1 , ACPP - SEC13 , DOCK7 - OLR1 or 
PCMTD1 - SNTG1 . In specific non - limiting embodiments , 
the kit comprises said primers for analysis of at least two , at 
least three , at least four , at least five , six , seven , eight , nine , 
ten , eleven , twelve , thirteen , fourteen of TRMT11 - GRIK2 , 
SLC45A2 - AMACR , MTOR - TP53BP1 , LRRC59 
FLJ60017 , TMEM135 - CCDC67 , KDM4B - AC011523 . 2 , 
MAN2A1 - FER , PTEN - NOLC1 , CCNH - C5orf30 , ZMP 
STE24 - ZMYM4 , CLTC - ETV1 , ACPP - SEC13 , DOCK7 
OLR1 and PCMTD1 - SNTG1 . 
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[ 0109 ] The following Examples are offered to more fully 
illustrate the disclosure , but are not to be construed as 
limiting the scope thereof . 

6 . EXAMPLE 1 : TRANSLOCATION AND 
FUSION GENE EVENTS IN PROGRESSIVE 

PROSTATE CANCER 

6 . 1 Abstract 
[ 0110 ] Importance : 
[ 0111 ] Prediction of prostate cancer clinical outcome 
remains a major challenge after the diagnosis . An accurate 
and reproducible test predicting the behavior of prostate 
cancer is urgently needed . 
[ 0112 ] Objective : 
[ 0113 ] To identify biomarkers that are predictive of pros 
tate cancer recurrence or prostate cancer related death . 
[ 0114 ] Design : 
[ 0115 ] Genome DNA and / or total RNA from Nineteen 
specimens of prostate cancer ( T ) , matched adjacent benign 
prostate tissues ( AT ) , matched bloods ( B ) and organ donor 
prostates ( OD ) were sequenced . Eight novel fusion genes 
were discovered and validated . These 8 novel fusion genes 
were then analyzed on 174 prostate samples , including 164 
prostate cancer and 10 healthy prostate organ donor samples . 
Up to 15 years of clinical follow - ups on prostate cancer 
patients were conducted . 
[ 0116 ] Setting : 
[ 0117 ] University of Pittsburgh Medical Center , Presbyte 
rian and Shadyside Campus . 
[ 0118 ] Participants : 
[ 0119 ] One hundred sixty - four prostate cancer patients 
underwent radical prostatectomy from 1998 - 2012 were 
selected for fusion gene expression analysis . 80 . 5 % ( 132 / 
164 ) patients had been followed - up for at least 5 years . 
[ 0120 ] Main Measure : 
[ 0121 ] To identify the presence of any of the following 
fusion genes in prostate cancer samples : TMEM135 
CCDC67 , KDM4B - AC011523 . 2 , MAN2A1 - FER , 
TRMT11 - GRIK2 , CCNH - C5orf30 , SLC45A2 - AMACR , 
MTOR - TP53BP1 and LRRC59 - FLJ60017 . 
[ 0122 ] Results : 
10123 ] . Approximately 90 % of men carrying at least one of 
six of these fusion genes ( TRMT11 - GRIK2 , SLC45A2 
AMACR , MTOR - TP53BP1 , LRRC59 - FLJ60017 , 
TMEM135 - CCDC67 and CCNH - C5orf30 ) experienced 
prostate cancer recurrence , metastases and / or prostate can 
cer - specific death after radical prostatectomy , while these 
outcomes occurred in only 36 % of men not carrying those 
fusion genes . Four fusion genes occurred exclusively in 
prostate cancer samples from patients who experienced 
recurrence or prostate cancer related death . The formation of 
these fusion genes is the result of genome recombination 
events . 
[ 0124 ] Conclusion and Relevance : 
[ 0125 ] These findings suggest that the formation of these 
fusion genes are associated with prostate cancer recurrence 
and may drive the progression . 

remain asymptomatic and clinically indolent . The precise 
mechanisms for the development of progressive , clinically 
concerning prostate cancer remain elusive . Furthermore , the 
inability to predict prostate cancer ' s potential aggressive 
ness has resulted in significant overtreatment of the disease . 
The dichotomous nature of prostate cancer — a subset of 
life - threatening malignancies in the larger background of 
histological alterations lacking the clinical features implicit 
with that label — is a fundamental challenge in disease 
management . 
10127 ] To identify genome markers for prostate cancer , 
whole genome sequencing was performed on 14 prostate 
tissue samples from 5 prostate cancer patients : five prostate 
cancers ( T ) from patients who experienced poor clinical 
outcomes reoccurrence with fast rise of prostate cancer 
antigen doubling time ( PSADT < 4 months ) ) , five matched 
blood ( B ) samples and four matched benign prostate tissues 
from the prostate cancer patients ( AT ) ( Table 2 ) . In one 
patient , normal adjacent prostate tissue was not available . 
An average of 200 GB was sequenced per sample to achieve 
33 fold coverage of the entire genome . Total RNA from all 
T and AT samples was sequenced to achieve > 1333 ( average 
400 million reads / sample ) fold coverage per gene . Total 
RNA from four age - matched , entirely histologically benign 
prostate tissues harvested from healthy organ donors was 
similarly sequenced as a tissue control . The sequencing data 
were aligned to human reference genome HG19º . Fusion 
genes were then identified and validated . We hypothesize 
that these fusion genes from cancer samples that prove 
metastatic are associated poor clinical outcome for prostate 
cancer patients . A prediction model for prostate cancer 
recurrence and short post - operative prostate specific antigen 
doubling time ( PSADT ) was built . This model was then 
applied to 89 additional prostate cancer samples from Uni 
versity of Pittsburgh Medical Center , 30 samples from 
Stanford University Medical Center , and 36 samples from 
University of Wisconsin Madison Medical Center with 
follow - up ranging from 1 to 15 years . One hundred twenty 
seven of these samples are from patients who experienced 
prostate cancer recurrence after radical prostatectomy , and 
106 are from patients with no evidence of recurrence for at 
least 5 years after the surgery . The remaining 46 samples are 
from patients who had less than 5 years of follow - up and had 
not yet experienced biochemical recurrence . 
( 0128 ] . The newly validated fusion genes were then ana 
lyzed on 164 prostate cancer samples with clinical follow - up 
ranging from 2 to 15 years . Seventy - eight of these samples 
are from patients who experienced prostate cancer recur 
rence after radical prostatectomy , while 54 are from patients 
had no recurrence for at least 5 years after the surgery . The 
remainder samples are from patients who had radical pros 
tatectomy less than 5 years ago . Association of fusion gene 
expression with prostate cancer recurrence was analyzed . 

6 . 3 Methods 
[ 0129 ] Tissue Samples . 
[ 0130 ] Nineteen specimens of prostate cancer ( T ) , 
matched adjacent benign prostate tissues ( AT ) , matched 
bloods ( B ) and organ donor prostates ( OD ) were obtained 
from University of Pittsburgh Tissue Bank in compliance 
with institutional regulatory guidelines ( Table 2 ) . To ensure 
high purity ( 280 % ) of tumor cells , needle - microdissection 
was performed by pathologists to isolate the tumor cells 
from adjacent normal tissues ( 23 mm distance from the 

6 . 2 . Introduction 
[ 0126 ] Despite a high incidence ? , 2 , only a fraction of men 
diagnosed with prostate cancer develop metastases and even 
fewer die from the disease . The majority of prostate cancers 
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tumor ) . For AT and OD samples , similar needle - microdis - 
sections were performed to achieve 80 % epithelial purity . 
Genomic DNA of these tissues was extracted using a com 
mercially available tissue and blood DNA extraction kit 
( Qiagen , Hilden , Germany ) . The protocols of tissue procure 
ment and procedure were approved by Institution Board of 
Review of University of Pittsburgh . 
[ 0131 ] Whole Genome and Transcriptome Sequencing 
Library Preparation . 
[ 0132 ] To prepare the genomic DNA libraries , 50 ng DNA 
was subjected to the tagmentation reactions using the NEX 
TERA DNA sample prep kit ( Madison , Wis . ) for 5 min at 
55° C . The DNA was then amplified with adaptor and 
sequencing primers for 9 cycles of the following procedure : 
95° C . for 10 s , 62° C . for 30 s and 72° C . for 3 min . The 
PCR products were purified with Ampure beads . The quality 
of genomic DNA libraries was then analyzed with qPCR 
using Illumina sequencing primers and quantified with Agi 
lent 2000 bioanalyzer . For transcriptome sequencing , total 
RNA was extracted from prostate samples using Trizol , and 
treated with DNAsel . Ribosomal RNA was then removed 
from the samples using RIBO - ZEROTM Magnetic kit ( Epi 
centre , Madison , Wis . ) . The RNA was reverse - transcribed to 
cDNA and amplified using TRUSEQTM RNA Sample Prep 
Kit v2 from Illumina , Inc ( San Diego , Calif . ) . The library 
preparation process such as adenylation , ligation and ampli 
fication was performed following the manual provided by 
the manufacturer . The quantity and quality of the libraries 
were assessed as those described in genome DNA library 
preparation . 
[ 0133 ] Whole Genome and Transcriptome Sequencing . 
[ 0134 ] The Illumina whole genome sequencing system 
was applied to the analysis . The operation procedures 

( 0135 ] Read Alignment . 
[ 0136 ] Whole genome DNA - seq reads from 5 Ts , 4 ATS 
and 5 Bs were aligned by BWA version 1 . 4 . 1 against the 
UCSC hg19 human reference genome allowing maximal 2 
base mismatches per ( 100 nucleotide ) read . After alignment , 
the average coverage of whole genome is above 30x for all 
14 samples . Picard tool ( http : / / picard . sourceforge . net ) was 
applied to remove duplicate reads after the alignment . RNA 
seq reads ( from 5 T , 4 matched AT and 4 OD samples ) were 
at an average of 1333x coverage . Whole transcriptome 
RNA - seq reads were aligned with the UCSC hg19 reference 
genome using Tophat4 - 6 version 1 . 4 . 1 . Maximal 2 mis 
matches per read were allowed . 
10137 ] Fusion Gene Detection . 
[ 0138 ] To identify fusion gene events , we applied a 
Fusioncatcher ( v0 . 97 ) algorithm ' on RNA sequencing 
samples . The analysis results by the software had been 
validated with high precision rate in breast cancer cell lines . 
Both BOWTIE and BLAT alignment were applied in the 
analysis and were plotted with CIRCOS software® . The 
preliminary list of candidate fusion transcripts are filtered in 
Fusioncatcher based on the existing biological knowledge of 
the literature including : ( 1 ) If the genes are known to be the 
other ' s paralog in Ensembl ; ( 2 ) If one of the fusion tran 
scripts are the partner ' s pseudogene ; ( 3 ) If one of the fusion 
transcripts are micro / transfer / small - nuclear RNA ; ( 4 ) If the 
fusion transcript is known to be a false positive event ( e . g . , 
Conjoin gene database2l ) ; ( 5 ) If it has been found in healthy 
samples ( Illumina Body Map 2 . 0 http : / / www . ebi . ac . uk / ar 
rayexpress / experiments / E - MTAB - 513 / ] ) ; ( 6 ) If the head and 
tail genes are overlapping with each other on the same 
strand . Fusion genes were visualized with CIRCOS soft 
ware® as shown in FIG . 6 . 

TABLE 2 

Case TNM Margin Relapse 
Relapse Relapse 

fast simple Gleason Age Gender Race 
? 50 s w 

7 ? W 
, 

Case 1 
Case 2 
Case 3 
Case 4 
Case 5 

T3bN1MX 
T3aNOMX 
T2CNOMX 
T3bN1MX 
T3bN1MX 

Negative 
Negative 
Negative 
Negative 
Negative 

fast 
slow 
fast 
fast 
fast 

? 

M 
M 
M 
M 
M 

, 

60 S 
60 S 
50 S 
50 s 

10 
10 

? W 
W , 

? 

PSA pre - 
operative 

Time to 
progression 
( Months ) 

Radiology 
PSADT follow - up 

Time 
interval of Length of 
follow - up follow - up Additional 
( Months ) ( Months ) treatment Case 

Case 1 
Case 2 
Case 3 
Case 4 

14 . 6 
4 . 1 
2 . 38 

29 . 3 

1 . 41 
43 . 75 
33 . 76 
1 . 35 

2 . 76 
2 . 56 
3 . 42 
1 . 02 

3 . 7 NEGATIVE 
39 . 96 NO 

2 . 99 NEGATIVE 
0 . 93 POSITIVE 

FOR BONE 
METASTASIS 

1 . 83 POSITIVE 
FOR BONE 
METASTASIS 

29 . 09 ADT 
133 . 3 RT 
33 . 93 RT 
15 . 48 ADT , 

CHEMO 

Case 5 Case 5 9 . 17 9 . 17 1 . 35 1 . 35 2 . 4 149 . 6 ADT 

strictly followed the manufacturer ' s instructions . Briefly , 
DNA libraries were hybridized to flowcells and subjected to 
primer extension and bridge amplification in an automatic 
cBot process for 4 h to generate clusters of DNA sequencing 
templates . These clustered flowcells were then subjected to 
the sequencing analysis in the Illumina HiSeq2000 system . 
All samples were sequenced with paired - end runs for 200 
cycles . 

[ 0139 ] Machine Learning Classifier to Predict Relapse 
Status . 
10140 ] 8 fusion genes from 5 tumor samples validated by 
RT - PCR , Sanger sequencing and Fluorescence In - situ 
Hybridization ( FISH ) analyses were used as features to 
predict the relapse status ( fast vs non - fast and relapse vs 
non - relapse ) in a large validation cohort ( PSADT < 4 months 
vs PSADT > 15 months or non - recurrent ) . The presence for 



US 2017 / 0240924 A1 Aug . 24 , 2017 

TABLE 3 - continued 
Primer sequences for RT - PCR . 

Fusion genes Sequences 

SLC45A2 - AMACR 5 ' - TTGATGTCTGCTCCCATCAGG - 3 ' 
( SEO ID NO : 66 ) / 
5 ' - TGATATCGTGGCCAGCTAACC - 3 ' 
( SEQ ID NO : 67 ) 

KDM4B - AC011523 . 2 5 ' - AACAcccccTAccTGTACTIC - 3 ! 
( SEQ ID NO : 68 ) / 
5 ' - CTGAGCAAAGACAGCAACACC - 3 ' 
( SEQ ID NO : 69 ) 

MAN2A1 - FER 5 ' - TGGAAGTTCAAGTCAGCGCAG - 3 ' 
( SEQ ID NO : 70 ) / 
5 ' - GCTGTCTTTGTGTGCAAACTCC - 3° 
( SEQ ID NO : 71 ) 

LRRC59 - FLJ60017 5 ' - GTGACTGCTTGGATGAGAAGC - 3 
( SEQ ID NO : 72 ) / 
5 ' - CCAGCATGCAGCTTTTCTGAG - 3 ' 
( SEO ID NO : 73 ) 

each fusion pair was coded either as 1 or 0 to represent 
whether the fusion gene exist in the sample . Linear discrimi 
nant analysis ( LDA ) was used to build a classifier . In light 
of relatively rare occurrence of the fusion transcripts ( 4 . 4 % 
9 . 0 % ) in our 90 - sample Pittsburgh training cohort , we also 
applied a simple prediction rule based on the presence in any 
subset of the eight fusion genes ( i . e . , a patient is predicted 
as recurrence if any fusion transcript in a designated subset 
exists ) . Leave - one - out cross validation ( LOOCV ) was 
applied to construct the model and evaluate the prediction 
performance . ROC curves were constructed by varying the 
parameters in the LDA classifier construction and the opti 
mal prediction model was selected with the best Youden 
index ( = sensitivity + specificity - 1 ) 22 , and was then evaluated 
in a 89 - sample Pittsburgh test cohort , a 21 - sample Stanford 
test cohort and a 30 - sample Wisconsin test cohort . To 
compare the statistical significance of AUC difference 
between two models , a bootstrap test is used to generate 
p - values23 . To compare accuracy of two models , a test for 
equal proportions using “ prop . test ” in R is applied . 
[ 0141 ] To demonstrate the potential translational predic 
tive value of these fusion transcripts , information of Nomo 
gram estimated five - year PSA free survival probability and 
Gleason scores of the patients was incorporated into our 
prediction models . The following models were generated : 
( 1 ) 8 fusion transcripts alone , ( II ) Gleason scores alone , ( III ) 
Nomogram values alone , ( IV ) Gleason scores + 8 fusion 
transcripts , ( V ) Nomogram values + 8 fusion transcripts . 
Complete information of prediction accuracy , sensitivity , 
specificity and Youden index for these eight models is 
available in Tables 7 - 16 . 
[ 0142 ] RT - PCR . 
[ 0143 ] To verify fusion genes detected by transcriptome 
and whole genome sequencing , total RNA was reverse 
transcribed with random hexamer . Double strand cDNA was 
synthesized as described previously9 , 10 . PCRs were per 
formed using primers indicated in Table 3 using the follow 
ing condition : 94° C . for 5 min , followed by 30 cycles of 94° 
C . for 30 seconds , 61° C . for 1 min and 72° C . for 2 min . 

TMPRSS2 - ERG 5 ' - AGTAGGCGCGAGCTAAGCAGG - 3 ' 
( SEQ ID NO : 74 ) / 
5 ' - GGGACAGTCTGAATCATGTCC - 3 
( SEQ ID NO : 75 ) 

B - actin 5 ' - TCAAGATCATTGCTCCTCCTGAGC - 3 ' 
( SEQ ID NO : 76 ) / 
5 ' - TGCTGTCACCTICAccGTTccAGT - 3 ! 
( SEQ ID NO : 77 ) 

101441 Fluorescence In - Situ Hybridization . 
[ 0145 ] Formalin - fixed and paraffin - embedded tissue slides 
( 5 microns ) were placed in 2xSSC at 37° C . for 30 min . 
Slides were then removed and dehydrated in 70 % and 85 % 
ethanol for 2 min each at room temperature , and air dried . 
The DNA from the selected clones ( Table 4 ) was extracted 
using Nucleobond Ax kit ( Macherey - Nagel , Easton , Pa . ) . 
The biotin - labeled probes were prepared using standard 
nick - translation procedure and hybridized to sample slides 
as described previously11 , 12 . 

TABLE 4 
TABLE 3 Bacterial artificial chromosome clone for FISH . 

Probe 1 Fusion genes Probe 2 Primer sequences for RT - PCR . 

Fusion genes Sequences 

TMEM135 - CCDC67 5 ' - GAGACCATCTTACTGGAAGTTCC - 3 
( SEO ID NO : 58 ) / 
5 ' - TGGTACTCTTCCACCTGTTGG - 3 ' 
( SEQ ID NO : 59 ) 

TMEM135 - CCDC67 
Mtor - TP53BP1 
TRMT11 - GRIK2 
CCNH - C5orf30 
SLC45A2 - AMACR 
KDM4B - AC011523 . 2 
MAN2A1 - FER 
LRRC59 - SLC35B3 
LRRC59 - FLJ60017 

RP11 - 80F20 
RP4 - 647M16 
RP11 - 92N18 
RP11 - 111M24 
RP11 - 179D3 
RP11 - 241K5 
RP11 - 452L20 
RP11 - 269110 
RP11 - 269110 

RP11 - 1034E22 
RP11 - 114F23 
RP11 - 70117 
RP11 - 244M13 
RP11 - 1072121 
RP11 - 655K24 
RP11 - 328A14 
RN11 - 360D22 
CTD - 2116N11 Mtor - TP53BP1 5 ' - TTGGCATGATAGACCAGTCCC - 3 ' 

( SEQ 1D NO : 60 ) / 
5 ' - CAGCACCAAGGGAATGTGTAG - 3 ' 
( SEQ ID NO : 61 ) 

TRMT11 - GR1K2 5 ' - GCGCTGTCGTGTACCCTTAAC - 3 ' 
( SEQ ID NO : 62 ) / 
5 ' - GGTAAGGGTAGTATTGGGTAGC - 3 ' 
( SEQ ID NO : 63 ) 

6 . 4 . Results 
[ 0146 ] Fusion Genes Discovered by RNA and Whole 
Genome Sequencing . 
[ 0147 ] A total of 76 RNA fusion events were identified in 
prostate cancer samples by the Fusioncatcher ' program . 
Thirteen of these fusion events were suggested by genome 
sequencing . To control for tissue - based fusion gene events , 
fusion genes present in any of the four age - matched organ 

CCNH - C5orf30 5 ' - CCAGGGCTGGAATTACTATGG - 3 ' 
( SEQ ID NO : 64 ) / 
5 ' - AAGCACCAGTCTGCACAATCC - 3 ' 
( SEQ ID NO : 65 ) 
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donor prostate tissues were eliminated ( Table 5 ) . Further , 
fusion genes with less than 20 kb between each element and 
read in the cis direction were also eliminated . As a result of 
this filtering , 28 of 76 fusion gene events were identified as 
prostate cancer specific ( Table 6 and FIG . 6 ) . Among these 
fusion events , TMPRSS2 - ERG , the most common prostate 
cancer fusion gene13 - 15 , was found in two prostate cancer 
samples . Majority of the fusion events identified are novel 
and not reported in the literature . None of the 29 fusion 
genes were identified in the matched AT transcriptome 
analysis . To validate these fusion genes , RT - PCR was per 
formed using primers specific for fusion gene regions 
encompassing the fusion breakpoints and the PCR products 
were sequenced . Eight of these fusion gene events were 
validated through sequencing ( FIG . 1 ) . 
[ 0148 ] Five of the eight fusion events resulted in trunca 
tion of a driver gene and frameshift in translation of a 
passenger gene . One of the fusion genes produced a trun 
cated cyclin H and an independent open reading frame of a 
novel protein whose function is not known . Two fusion 
events , however , produced chimera proteins that possibly 
retain at least partial function of both genes . One of these 
fusion products is N - terminus 703 amino acids of a - Man 
nosidase 2A ( MAN2A1 ) fusing to the C - terminus 250 amino 
acids of FER , a Feline tyrosine kinase . The fusion protein 
retains the glycoside hydrolase domain but has its mannosi 
dase domain replaced with a tyrosine kinase domain from 
FER . Another fusion protein product produces a chimera of 
membrane - associated transporter protein ( SLC45A20 ) and 
alpha - methylacyl - CoA racemase ( AMACR ) . The chimera 
protein has 5 of its 10 transmembrane domains deleted from 
SLC45A2 and replaced with methyl - acyl COA transferase 
domain from AMACR . Interestingly , both MAN2A1 - FER 
and SLC45A2 - AMACR fusions are in the trans - direction , 
eliminating the possibility of a fusion event from simple 
chromosome deletion or collapse of extremely large RNA 
transcript . 
[ 01491 Fluorescence in situ hybridization suggests 
genome recombination underlying fusion gene formation . 
To investigate the mechanism of these fusion events , fluo 
rescence in situ hybridization ( FISH ) was performed on 
prostate cancer tissues where the fusion gene was present . 
Using the probes surrounding MAN2A1 breakpoint , a 
physical separation of signals between 5 ' and 3 ' MAN2A1 in 
cancer cells containing the fusion gene was observed , in 
contrast to the overlapping nature of these signals in the wild 
type alleles in normal prostate epithelial cells ( FIG . 2 ) . 
Similar “ break - apart ” hybridization occurred in SLC45A2 
AMACR positive prostate cancer samples ( FIG . 2B ) . These 
findings indicate that MAN2A1 - FER and SLC45A2 
AMACR fusions are the result of chromosome recombina 
tion . Interestingly , in prostate cancer cells containing 
“ break - apart ” signals of MAN2A1 , only 31 % of the cells 
retained the 3 ' end signal , suggesting that the recombination 
of genome DNA in most prostate cancer cells results in 
truncation of the C - terminus of MAN2A1 . A similar " col 
lateral loss ” of the N - terminus of AMACR was found in 
prostate cancer cells expressing SLC45A2 - AMACR fusion 
( 29 % retaining the N - terminus signal of AMACR ) . Other 
FISH analyses confirm that genome translocations occur in 
cancer cells expressing TRMT11 - GRIK2 , MTOR 
TP53BP1 , LRRC59 - FLJ60017 , TMEM137 - CCDC67 , 
CCNH - C5orf30 and KDM4B - AC011523 . 2 fusion genes 
( FIGS . 2C - G ) . These fusion genes are either separated by a 

large segment of genome DNA ( TRMT11 - GRIK2 , 
TMEM135 - CCDC67 , CCNH - C5orf30 and KDM4B 
AC011523 . 2 ) or located in separate chromosomes ( MTOR 
TP53BP1 and LRRC59 - FLJ60017 ) . The joining signals of 
hybridizations in prostate cancer cells suggest that these 
fusion genes were relocated to juxtapose to their fusion 
partners . Finally , genomic breakpoints were identified in 3 
fusion pair through Sanger sequencing of the cancer 
genomic DNA ( CCNH - C50rf30 , TMEM135 - CCDC67 and 
LRRC59 - FLJ60017 ) ( FIG . 11 ) . 

[ 0150 ] Fusion Genes Association with Prostate Cancer 
Recurrence . 
[ 0151 ] A genomic alteration in prostate cancer without 
clinical consequence is of limited significance . Therefore , 
the association of these fusion genes with prostate cancer 
progression was investigated in prostate cancer specimens 
obtained from 213 men and from entirely benign prostate 
tissues obtained from 10 organ donors free of urological 
disease aged 20 to 70 . The prostate cancer samples were 
linked to the clinical outcomes after radical prostatectomy : 
those with no detectable prostate specific antigen ( PSA ) 
recurrence after a minimum of five years of observation , 
those whose clinical outcomes remain unknown and those 
who had an observed PSA recurrence within five years . For 
179 of the 223 prostate cancer samples , clinical outcome 
data after radical prostatectomy were available , and 81 had 
no detectable prostate specific antigen ( PSA ) recurrence 
after a minimum of five years of follow - up , while 98 
developed biochemical recurrence ( defined as a measurable 
PSA20 . 2 ng / ml ) . Only 7 . 4 % ( 6 / 81 ) primary prostate cancers 
expressed one of the fusion genes in non - recurrent patients . 
In contrast , 52 % ( 51 / 98 ) primary prostate cancers expressed 
at least one fusion in patients who developed recurrence 
( FIG . 3 and FIG . 7A ) . No fusion genes were detected in 
benign prostate tissues obtained from healthy organ donors 
( FIG . 7B ) . Three fusion events were observed exclusively in 
recurrent prostate cancer after radical prostatectomy 
( TRMT11 - GRIK2 , MTOR - TP53BP and LRRC59 
FLJ60017 ; FIGS . 3A and B ) . 

10152 ] Fisher ' s exact test showed a significant difference 
in recurrent status between patients with at least one of the 
8 fusion transcripts and those without ( p = 6 . 8x10 - 19 ) . In the 
combined UPMC , Stanford and Wisconsin data sets , 91 % 
( 69 / 76 ) of patients positive for one of the fusion transcripts 
experienced prostate cancer recurrence in 5 years after 
prostate resection . Based on the hypothesis that the presence 
of at least one of the 8 fusion transcripts would indicate a 
recurrence for a prostate cancer patient , a prostate cancer 
prediction model was built and tested , using 90 randomly 
selected prostate cancer samples from University of Pitts 
burgh Medical Center ( training set ) . This training cohort 
yielded an accuracy of prostate cancer recurrence prediction 
of 71 % with 89 % specificity and 58 % sensitivity ( p < 0 . 005 ) 
( FIG . 12A , Table 10 ) . When this model was applied to a 
separate cohort of 89 samples ( test set ) , the model correctly 
predicted recurrence in 70 % of patients . To further validate 
this model , we tested its performance in a 30 - patient ( 21 
with qualified clinical follow - up ) cohort from Stanford 
University Medical Center and a 36 - patient ( 30 with quali 
fied clinical follow - up ) cohort from University of Wisconsin 
Madison Medical Center ( FIG . 3 , FIG . 8 and FIG . 9 ) . Once 
again , the model correctly predicted recurrence with 76 . 2 % 
accuracy and with 89 % specificity and 67 % sensitivity on 
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the prostate cancer cohort from Stanford , and 80 % accuracy 
and with 100 % specificity and 63 % sensitivity on the cohort 
from Wisconsin ( Table 11 ) . 
[ 0153 ] Similar to the dichotomous nature of prostate can 
cer in general , recurrent prostate cancer can progress in an 
indolent or aggressive manner . A PSA doubling time 
( PSADT ) less than four months after radical prostatectomy 
is strongly associated with the early development of meta 
static disease and prostate cancer - specific death , whereas 
these events are rare and remote in men with a PSADT of 
greater than 15 months 6 , 17 . Strong association was found 
between the fusion genes ( e . g . , TRMT11 - GRIK2 , 
SLC45A2 - AMACR , MTOR - TP53BP1 , LRRC59 
FLJ60017 , TMEM135 - CCDC67 and CCNH - C5orf30 ) with 
prostate cancer recurrence ( p = 4 . 2x10 - ) and a PSADT less 
than four months ( p = 6x10 - 9 ) . To examine whether these 
fusion gene events have prognostic value for prostate cancer 
clinical outcome , receiver operator curve ( ROC ) analyses 
with varying weights of fusion genes were performed . As 
shown in FIG . 3C , the panel of eight fusion genes correctly 
predicted 74 . 4 % for PSA doubling time less than four 
months in the 90 - sample training cohort , and 67 % for 
prostate cancer recurrence . To optimize the prediction 
model , six fusion genes were selected for an improved 
association with disease - free survival after radical prostate 
ctomy . When the same algorithm was applied to a separate 
89 - sample test set from University of Pittsburgh Medical 
Center and 21 - sample cohort from Stanford University 
Medical Center , the prediction rate for PSADT < 4 months 
was found to be 78 % and 71 % , respectively ( FIG . 4B ) . As 
shown in FIG . 3D , 89 . 5 % of patients had an observed 
disease recurrence within five years of radical prostatectomy 
if they carried any of the six fusion genes . In addition , and 
as shown in FIG . 4C , 84 . 2 % of patients had an observed 
disease recurrence within five years of radical prostatectomy 
if they carried any of the eight fusion genes . No patient 
survived five years without recurrence if their primary 
prostate cancer contained a TRMT11 - GRIK2 or MTOR 
TP53BP1 fusion gene . In contrast , 68 % patients were free of 
disease recurrence if any of the novel fusion genes were not 
detected in their primary prostate cancer . Similar findings 
were also identified in the Stanford cohort : 88 . 9 % patients 
experienced recurrence of prostate cancer if they carried any 
fusion transcript , while 66 . 7 % patients were free of the 
disease recurrence if they are negative . 
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[ 0154 ] The most frequent fusion events in prostate cancer 
are TRMT11 - GRIK2 ( 7 . 9 % , or 22 / 279 ) and SLC45A2 
AMACR ( 7 . 2 % , or 20 / 279 ) ( FIGS . 3A , 7 - 9 ) . TRMT11 
GRIK2 fusion represents a giant truncation of TRMT11 , a 
tRNA methyltransferase , and elimination of GRIK2 , a glu 
tamate receptor but reported to possess tumor suppressor 
activity18 . Indeed , GRIK2 was not expressed in prostate 
cancer samples that contain TRMT11 - GRIK2 fusions , while 
it was detected in organ donor prostate samples ( FIG . 10 ) . 
Only 4 of 14 samples with TRMT11 - GRIK2 expressed full 
length non - fusion TRMT11 . Thus , the fusion event of 
TRMT11 - GRIK2 represents a loss of function instead of a 
gain . 
[ 0155 ] Combining Detection of Fusion Transcripts and 
Clinical / Pathological Parameters Improved the Prediction 
Rate of Prostate Cancer Recurrence . 
101561 . Prostate cancer samples with at least one fusion 
transcript correlate with more advanced stage of prostate 
cancer ( p = 0 . 004 ) , Lymph node involvement status ( P = 0 . 
005 ) and lower nomogram scores ( p = 0 . 0003 ) ( Table 12 ) . 
Gleason grading alone produced a prostate cancer recur 
rence prediction rate of 61 . 1 % , with 85 . 7 % specificity and 
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transcripts using LDA technique to build a classifier , the 
accuracy of prediction improves to 81 - 83 % among the 
testing cohorts ( Table 16 ) . ROC showed an increase of AUC 
from 0 . 76 to 0 . 87 ( P = 0 . 0001 ) and an improvement of 
accuracy from 69 % to 81 % ( P = 0 . 026 , FIG . 5B ) . As a result , 
we concluded that classifier combining Nomogram and the 
8 fusion gene panel generated the best prediction accuracy 
that outperforms each diagnostic tool alone . 

39 . 6 % sensitivity in the 90 - sample UPMC training cohort , 
when Gleason 8 was used as cutoff to predict prostate 
cancer recurrence . The Gleason model yielded prediction 
accuracy ranging from 57 - 60 % in 3 separate testing cohorts 
( Tables 13 and 14 ) . However , when fusion transcript status 
was combined with Gleason Grade > 8 , improvement of 
prediction was found for all 4 cohorts : 72 % for the UPMC 
training cohort , 74 % for the UPMC test cohort , 76 % for the 
Stanford cohort and 90 % for the Wisconsin cohort . ROC 
showed a significant larger AUC ( area under the curve ) ( 0 . 84 
versus 0 . 67 , P = 6 . 6x10 - 7 ) and higher testing accuracy ( 77 . 
7 % versus 59 . 7 % , P = 0 . 0019 ) ( FIG . 5A ) when Gleason score 
was combined with detection of any of 8 fusion transcripts . 
Similarly , Nomogram prediction of prostate cancer recur 
rence has the best accuracy of 76 % with 68 . 8 % sensitivity 
and 83 . 3 % specificity in the analysis of 90 - sample UPMC 
training cohort ( Table 15 ) . When this model was applied to 
UPMC testing , Stanford and Wisconsin cohorts indepen 
dently , the results showed that the prediction accuracy 
ranged from 60 % to 75 % among the 3 cohorts ( Table 16 ) . 
When Nomogram was combined with the status of 8 fusion 

6 . 5 . Discussion 
[ 0157 ] Transcriptome and whole genome sequencings 
revealed numerous fusion RNA transcripts occurring not just 
in prostate cancer but also in healthy organ donor prostate 
samples ( Table 17 ) . Some of these fusion events are verifi 
able by sequencing on the cDNA products . The functions of 
these new transcripts are not known . Since most of these 
chimeric RNA transcripts in healthy individuals are the 
splicing products of two adjacent genes , they are likely the 
new isoforms of the existing genes . These previously 
defined independent “ genes ” in the transcript could be one 
of the preferred spliced isoforms of the existing larger genes . 
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TABLE 6 - continued 

Putative fusion transcripts from 5 prostate cancer samples 

RP11 - 550F7 . 1 CAP 3 : 76483671 : + 
TMC5 CCP110 16 : 19508485 : + 

1 : 40529899 : 
16 : 19539189 : + 
7 : 128248237 : + 

9 
0 

126 
30704 
Inf Inf 
30704 
Inf TLK2 RP11 va av 17 : 60631098 : + 126 Inf 

274B21 . 1 

TMEM135 CCDC67 11 : 87030419 : + 11 : 93127625 : + 26 6097206 

5T 

Fusion Gene 1 Gene2 in 
Fusion gene 1 gene2 breakpoint breakpoint Spanning _ pairs DNAseq Distance 

TMPRSS2 ERG 21 : 42870046 : - 21 : 39947671 : 2 2922375 2922375 

[ 0158 ] This analysis reveals significant number of cancer 
specific fusion gene events . These fusions are not detectable 
in either organ donor prostate or benign prostate tissues from 
prostate cancer patients . Most of these fusion transcripts 
appear to express in low abundance , with only an average 
6 . 6 reads of these fusion transcripts detected in > 1333x 
sequencing . Indeed , when the coverage was reduced to 600x 
in simulation studies , only MTOR - TP53BP1 was detected 
consistently . The characteristics of these fusion genes are 
that they either have a large distance between the joining 
genes or have trans - direction of fusion that could only occur 
when chromosome recombination happens . In either sce 
nario , DNA alteration in genome level must be the under 
lying mechanism . 
[ 0159 ] Although the association between the eight novel 
fusion transcripts and prostate cancer recurrence is striking , 
the biological roles of these fusion transcripts are not yet 
elucidated . Given the known function of the genes contrib 
uting to the fusion transcripts , their formation may have 
impact on several cell pathways such as RNA stability24 
( TRMT11 - GRIK2 ) , protein glycosylation25 ( MAN2A1 
FER ) , cell cycle progression26 , 27 , 28 ( CCNH - C5orf50 and 
MTORTP53BP1 ) , fibroblast growth factor nuclear import29 
( LRRC59 - FLJ60017 ) , histone demethylation30 ( KDM4B 
AC011523 . 2 ) , and fatty acid metabolism31 ( SLC45A2 
AMACR ) . Many of these pathways appear to be fundamen 
tal to cell growth and survival . 
[ 0160 ] Two of the fusion genes are of particular interest : 
MAN2A1 - FER and SLC45A2 - AMACR . First , MAN2A1 is 
a mannosidase critical in glycosylation of proteins19 . It is 
usually located in Golgi apparatus . The truncation in 
MAN2A1 - FER replaces the mannosidase domain with a 
tyrosine kinase domain from FER20 , while leaves the gly 
cosyl transferase domain intact . The chimera protein likely 
loses the mannosidase function . The new kinase domain in 
MAN2A1 - FER may confer the chimera protein a tyrosine 
kinase activity . Thus , the impact of this fusion gene could be 
profound : abnormal glycosylation and phosphorylation in 

hundreds of secreted or plasma membrane proteins . It may 
impact on cell - cell interactions and signal transduction , and 
generate a new immune response to the cancer cells . Second , 
AMACR is a racemase that catalyzes 2R stereoisomers of 
phytanic and pristanic acid to their S counterparts . AMACR 
is essential for ß - oxidation of branch fatty acid in mitochon 
dria . SLC45A2 is a transmembrane solute carrier known for 
its protective role in melanoma . SLC45A2 - AMACR chime 
ric protein has 5 transmembrane domains of SLC45A2 
truncated and replaced with a largely intact racemase . 
SLC45A2 - AMACR also loses the mitochondria target site 
in AMACR . Presumably , the fusion protein would be 
located in the plasma membrane . It is of interest that all 
prostate cancer samples with SLC45A2 - AMACR fusion 
proved highly aggressive . Identification of the signaling 
pathways of this chimeric protein may gain critical insight 
into the behavior of prostate cancer . 
[ 0161 ] Even though the prevalence of each fusion tran 
script in prostate cancer samples is low ( ranging from 2 . 9 % 
to 7 . 9 % ) , up to 60 % of prostate cancers that later recurred 
and had short PSADT were positive for at least one of these 
fusion transcripts . The specificity of these fusion transcripts 
in predicting prostate cancer recurrence appears remarkably 
high , ranging from 89 - 100 % among 4 separate prediction 
cohorts . There were no long term recurrence - free survivors 
if the primary tumor contained either TRMT11 - GRIK2 , 
MTOR - TP53BP1 or LRRC59 - FLJ60017 fusion transcripts . 
[ 0162 ] To our knowledge , this is the first report showing 
that a set of fusion genes is strongly associated with poor 
prognosis of prostate cancer . This discovery may have 
salient impact on clinical practice in light of the limit of 
serum PSA and Gleason ' s grading from biopsy samples in 
predicting prostate cancer clinical outcome . Detection of 
one of these prostate cancer recurrence association fusion 
genes in prostate cancer sample may warrant a more aggres 
sive treatment regimen . The fusion RNA and chimera pro 
teins validated in this study may lay down the foundation for 
future molecular targeting therapy for prostate cancer 
patients carrying these genes . 
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None None None None None None None None None None None None None ADT CHEMO None NO None None None NO N None ADT , CHEMO None NO None e 

nf 

W 

= 

10 . 4 2 . 3 

nf nf 

W 

9 . 1 

T T T 

nf 

8712352T 8713205T 8721T 84337T 91227T 9218207T 9217208T 9258293T 9411443T T 

= 

T2bNOMX T2bNOMX T2bNOMx T3bNOMx T3CNOMX T3bNOMx T2CNOMx T2bNOMX T3cNOMX T3cNOMx 
Negative Negative Negative Negative Negative Negative Negative e Negative ve Negative 
none slow none none none slow slow none fast fast 

nf 

8 . 0 10 . 0 6 . 0 6 . 0 7 . 0 8 . 0 8 . 0 6 . 0 9 . 0 

90s M 60s M 60s M 40s M 30s M 60S M 30s M 50S M 30s M 

NA 12 . 0 N / A N / A N / A 10 . 0 20 . 0 N / A 4 . 3 

N / A NO 18 . 3 NO N / A NO NA NO N / A NO 3 . 2 NO 16 . 9 NO NA NO 2 . 1 NO 

9 . 6 13 . 0 14 . 6 7 . 8 6 . 3 11 . 1 

153 . 0 161 . 0 151 . 0 162 . 0 164 . 0 109 . 0 132 . 0 255 . 0 79 . 0 

nf nf nf 

T T T 

W w W W 

T 

= 

- 

5812033T 9314481T 9874 69732T 9911991 

T2NOMx T3bNOMx T3bNOMx 
Positive Negative Negative 

nf nf 

none slow none 

6 . 0 9 . 0 7 . 0 

7 . 9 11 . 3 13 . 2 

333 333 33 

N / A 15 . 0 N / A 

N / A NO 21 . 0 NO NA NO 

253 . 0 160 . 0 131 . 0 

nf 

W 

T 

T3bNOMX 
Negative 
slow 

nf 

= 

15 . 3 

15 . 0 

24 . 0 

NO 

131 . 0 

= 

ADT , CHEMO None None 

Aug . 24 , 2017 

nf 

3 . 5 

- 

= 

9927036T 648306T 

T2NOMX T2NOMX 
Negative Negative 
none none 

6 . 0 6 . 0 

50s M 60s M 

W W 

N / A N / A 

N / A N / A 

T 

NO NO 

5 . 3 

128 . 0 160 . 0 

nf 

= 

= 



TABLE 7 - continued Clinical and pathological characteristics of 213 cases of prostate cancer from UPMC cohort 

Sample 

Time to progression ( Months ) 

Type TNM 

Recurrence fast 

Margin 

Length of follow - up Additional ( Months ) treatment 

Recurrence simple 

Recurrence 

PSA pre - operative 

PSADT Radiology ( months ) follow - up 

Gleason 
Age Sex 

Race 

US 2017 / 0240924 A1 

nf 

6 . 7 

T T T 

E 4 

nf 

935772T 03237T F8120T F6174T 

6 . 3 

T2bNOMX T2bNOMX T3aNOM? T3aNOMX 
Negative Negative Negative Negative 
none slow slow fast 

7 . 0 6 . 0 7 . 0 7 . 0 

70S M 60S M 60s M 60s M 

N / A 44 . 0 1 . 3 30 . 5 

N / A 25 . 0 20 . 8 1 . 1 

NO NO NEGATIVE NEGATIVE 

163 . 0 123 . 4 . 94 . 9 94 . 7 

nf 

2 

42 . 1 4 . 6 

E 

None NO N? ADT , 
CHEMO , 

RT NO N ADT 

nf 

7 . 0 

F6183T F6238T F6421T 

T26NOMx T3bNOMX T3bNOMX 
Positive Negative Negative 
slow slow fast 

nf 

50s M 60s M 30s M 

78 . 8 41 . 0 

7 . 0 

9 . 7 13 . 6 4 . 5 

W 

99 . 1 101 . 7 92 . 1 

f 

4 

7 . 0 

1 . 3 

nf 

6 . 3 

nf nf 

H 

F874T 7894T G8195T G8368T G8403T H9021T H9033T H8207T 
T T T 

_ ? _ ? 
T T 

nf 

T2CNOMx T2CNOMX T2CNOMx T??NOM? T3bNOMx T2NOMx T2CNOMx T3bNOMX 

e Negative e Negative Negative Negative Negative Negative Negative Negative 
none slow slow slow fast fast none fast 

7 . 0 7 . 0 7 . 0 7 . 0 7 . 0 6 . 0 7 . 0 9 . 0 

40S M 40S M 30s M 40s M 40S M 30s M 30s M 

? ??????????? 

3 . 1 10 . 1 5 . 5 3 . 5 

N / A 48 . 6 33 . 2 70 . 0 25 . 6 24 . 2 N / A 3 . 3 

190 . 0 96 . 6 63 . 1 112 . 0 78 . 9 50 . 1 87 . 0 74 . 7 

f 

23 . 6 NO 30 . 0 NO 

4 . 4 POSITIVE FOR 
BONE METASTASIS 
N / A not done 13 . 2 NEGATIVE 23 . 8 NEGATIVE 13 . 0 not done 

NEGATIVE 
4 . 3 NEGATIVE N / A NO 

0 . 1 POSITIVE FOR 
BONE METASTASIS 
20 . 8 POSITIVE FOR 

BONE METASTASIS 
NA NO N / A not done 

3 . 3 NO 

. . 

4 . . 

E 

W 

E 

60s M 

1 . 4 4 . 1 

M8253T 
T 

T3bNOMX 
Negative 
slow 

nf 

9 . 0 

60s M 

4 . 6 

1 . 3 

10 . 7 

24 

nf 

7 . 0 

M8261T M8303T M8305T 
T T T 

T3aNOMX T2CNOMx T3bNOMX 
Negative e Negative e Negative 
none none fast 

nf f 

50s M 60s M 60s M 

7 . 0 6 . 0 

W W W 

3 . 4 31 . 3 10 . 3 

N / A N / A 
1 . 4 

= 

74 . 0 102 . 0 64 . 1 

T 

None NO NO None ADT , RT ADT , RT None ADT CHEMO ADT , CHEMO None None ADT , CHEMO None None None None N None ADT , CHEMO ADT , CHEMO ADT , RT ADT , CHEMO 

nf 

= 

7 . 0 8 . 0 

# = 2 

W w 

4 . 5 5 . 5 

nf ND 

= 7 

7 . 0 

W 

M8322T M9327T M8340T M6346T M646T M6492T M8504T 

T2CNOMX T2CNOMx T2CNOMx T??NOM? T3bNOM? T2CNOMx ??bNOM? 
Negative e Negative Negative Negative Negative Negative Positive 
none none ND none slow slow fast 

60s M 50S M 60S M 60S M 60s M 50s M 50S M 

nf nf 

W 

N / A NA N / A N / A 20 . 1 52 . 0 

7 . 0 8 . 0 7 . 0 6 . 0 

3 3 3 3333333 3 

5 . 6 17 . 2 4 . 7 7 . 4 70 . 0 

N / A N / A N / A N / A 15 . 3 25 . 0 9 . 7 

not done not done not done not done NO negative NEGATIVE 

102 . 0 102 . 0 32 . 0 102 . 0 69 . 1 99 . 0 58 . 7 

nf 

- 

> 

W W 

f 

4 . 3 

M8324T 
T 

T3cNOMx 
Positive 
fast 

6 . 0 

60s M 

W www www 

8 . 7 

> 

1 . 4 

23 . 0 

22 . 4 

M8368T M6291T 
T T 

T3CNOMX T3bNOMX 

4 44 

Negative Negative 
fast fast 

7 . 0 7 . 0 

60s M 60s M 

4 . 4 17 . 5 

68 . 2 47 . 0 

1 . 3 

2 . 7 POSITIVE FOR 
BONE METASTASIS 
4 . 1 NEGATIVE 
3 . 6 POSITIVE FOR 

BONE AND HEPATIC METASTASIS 
15 . 5 NO 

NA not done N / A not done 
4 . 0 POSITIVE FOR 

BONE AND HEPATIC METASTASIS 

nf 

7 . 0 7 . 0 

M8603T M8636T M6705T M8931T 
T T T T 

T3bNOMX T3bNOMX T2cNOMx T3DNOMX 
Negative Negative Negative Positive 
slow none none fast 

nf nf 

SE 

60s M 70s M 60s M 60s M 
3333 

W W W W 

8 . 4 20 . 4 9 . 8 23 . 1 

22 . 1 
N / A N / A 15 . 9 

70 . 7 97 . 0 97 . 0 42 . 0 

7 . 0 7 . 0 

None None ADT , CHEMO 

Aug . 24 , 2017 



TABLE 7 - continued Clinical and pathological characteristics of 213 cases of prostate cancer from UPMC cohort 

Recurrence fast 

Recurrence simple 

Time to progression ( Months ) 

PSA pre - operative 

Length of follow - up Additional ( Months ) treatment 

PSADT Radiology ( months ) follow - up 

Sample 

Type TNM 

Margin 

Gleason Age Sex 

Recurrence 

Race 

US 2017 / 0240924 A1 

180711 

T 

T3eNOMX 
Negative 
fast 

14 

7 . 0 

60s M 

= 

2 . 6 2 . 6 

4 . 3 

1 . 4 

43 . 6 

ADT , RT 

T 

2 . 3 

nf nf 

8 . 0 7 . 0 

3 . 5 

18110T 1811T 18112T 18134T 18135T 

T2NOMX T2CNOMx T3eNOM? ??cNOM? T3eNOMX 
Negative Negative Negative Negative Negative 
none none slow none fast 

W W 

nf 

60s M . 
40s M 50s M 70s M 50S M 

7 . 0 

N / A N / A 33 . 0 N / A 1 . 8 

N / A N / A 30 . 6 N / A 2 . 2 

94 . 0 94 . 0 67 . 2 77 . 0 69 . 2 

4 . 7 13 . 7 15 . 6 

nf 

= 

9 . 0 8 . 0 

= 

F 

W 

% 

POSITIVE FOR BONE METASTASIS not done not done NO NO 
POSITIVE FOR BONE METASTASIS not done NEGATIVE not done NO NEGATIVE not done ND 

nf 

W 

3 . 6 

B 

F 

7 . 0 7 . 0 7 . 0 

4 . 3 

= = 

none fast none slow 

nf 

18180T 18279T 18259T 18295T 16361T IB378T IB483T 

10 . 0 

T2CNOMX T2NOMX T2aNOMx ??bNOM? T3bNOMx T3DNOMx T2bNOMX 
Negative Negative Positive Negative Negative Negative Negative 

. 

N / A 10 . 6 N / A 34 . 3 4 . 6 N / A 

nf 

% B 

3 . 3 

40S M 30s M 40S M 40s M 50s M 60S M 50s M 

[ T 

T T ? 

7 . 0 7 . 0 

None None @ None ADT , CHEMO None RT None NO RT None ADT , CHEMO ADT , CHEMO ADT , CHEMO 

W U W W 

N / A 4 . 0 N / A 20 . 4 15 . 0 N / A 1 . 7 

92 . 0 60 . 8 91 . 0 67 . 0 65 . 2 90 . 0 34 . 3 

nf 

- 

nf 

B 

none fast 

7 . 0 7 . 0 

12 . 9 2 . 8 5 . 2 

. 

4 

1 . 4 

4 

JB154T 

T 

T3bNOMX 
Negative 
fast 

8 . 0 

50s M 

= 

70 . 0 

333 33 33333 

0 . 9 

NEGATIVE 

51 . 7 

JB197T 

? 

???NOMx 
Positive 
fast 

7 . 0 

90s M 

W = 

11 . 2 

48 . 4 

S? 

? 

5 . 7 

JB426T JB770T KB170T 
T T 

T2bNOMX T2NOMX T36N1Mx 
Negative Negative Negative 
fast fast fast 

7 . 0 8 . 0 7 . 0 

50s M 60s M 70s M 

W W W 

? 

17 . 4 11 . 1 1 . 4 

2 . 4 14 . 1 

3 . 53 SINGLE FOCUS OF 
( death ) INGREASED 

ACTIVITY 
1 . 3 NEGATIVE 3 . 0 NEGATIVE 

4 . 2 POSITIVE FOR MODAL METASTASIS 
53 . 0 ND 
0 . 2 done metastasis 

33 . 9 33 . 9 37 . 2 

T 

ADT , RT 
RT ADT 

? 

PR018T PRO18TT PRO23T 

% 

T3aNOMx T3aNOMx TRP TRP 

nf 

Positive Negative 
slow fast 

7 . 0 TRP 

60s M 
M 

60s M 

9 . 0 182 . 3 

W 

76 . 0 1 . 0 

140 . 2 13 . 0 

T 

Y 

ADT , CHEMO 

T 

3 . 1 

PR079T PR217T PR236T 

T3aNOMx T2aNOMx T3bNOMX 
Positive Negative Negative 
slow none fast 

nf nf 

7 . 0 7 . 0 10 . 0 

50s M 60s M 60s M 

93 . 1 N / A 

- 

17 . 3 NA 3 . 9 

= 

4 . 9 9 . 9 

129 . 1 193 . 0 64 . 7 

T 

W 

1 . 3 

None ADT , CHEMO 

? 

7 . 0 

nf 

? 

6 . 0 

PR300T PR303T PR306T PR310T 
T T T T 

T2bN1Mx ??bNOM? T3bNOM? T3bNOMX 
Negative Negative Positive Negative 
fast slow slow fast 

50S M 70s M 60s M 60s M 

W W W W 

20 . 3 10 . 3 11 . 3 3 . 1 

71 . 5 34 . 5 16 . 4 22 . 5 

3 . 9 41 . 1 32 . 9 1 . 6 

95 . 5 79 . 7 109 . 1 47 . 7 

nf 

? 

7 . 0 7 . 0 

3 3 

? 

ND not done 
POSITIVE FOR BLASTIC METASTASIS NEGATIVE ND NEGATIVE POSITIVE FOR some and PELVAC METASTASIS POSITIVE FOR SOME AND PELVAC METASTASIS ND ND Not Done not done 

RT 
ADT , CHEMO , 

RT ADT 
CHEMO , 

PR375T 

T 

T3bN1Mx 
Negative 
fast 

7 . 0 

50s M 
3 

W € 

11 . 3 

1 . 2 

1 . 1 

114 . 9 

RT 

nf 

Y 

7 . 0 

$ 

T T T 

PR434T PR3211 PR530T PR534T 

nf 

? 

T3bNOMX T2bNOMX T2bNOMx T2NOMx 
Negative Negative Negative Negative 
slow slow ND none 

60s M 90s M 60s M 60s M 

W W W W 

9 . 4 6 . 4 4 . 4 3 . 4 

333 3 

72 . 8 79 . 2 N / A N / A 

30 . 1 13 . 5 N / A N / A 

137 . 4 126 . 2 29 . 0 13 . 0 

Aug . 24 , 2017 

RT RT None None 

ND 

7 . 0 

ND nf 

$ $ 

6 . 0 

not 



TABLE 7 - continued Clinical and pathological characteristics of 213 cases of prostate cancer from UPMC cohort 

Sample 

Time to progression ( Months ) 

Type TNM 

Recurrence fast 

Margin 

Length of follow - up Additional ( Months ) treatment 

Recurrence simple 

Recurrence 

PSA pre - operative 

PSADT Radiology ( months ) follow - up 

Gleason Age Sex 

Race 

US 2017 / 0240924 A1 

E 

PR536T R10T 
T T 

T2bNOMX T3bNOMX 
Negative Negative 
none fast 

nf f 

7 . 0 8 . 0 

90s M 60s M 

W W 

5 . 4 13 . 1 

N / A 11 . 0 

N / A 
2 . 3 

not done 
ND 

116 . 0 74 . 0 

7 . 0 

- 

nf nf 

7 . 0 

R13T R16T R18T R19T 

T3bNOMX T2bNOMX T2bNOMX T3LNOMx 
Negative Negative Negative ve 
none none none slow 

60s M 90s M 50s M 60S M 

10 . 4 3 . 1 9 . 1 13 . 8 

FEE FE 

N / A N / A N / A 
2 . 0 

N / A N / A N / A 
1 . 1 

ND ND ND ND 

137 . 0 139 . 0 143 . 0 60 . 0 

nf nf 

7 . 0 3 . 0 

nf 

7 . 0 

7 . 7 

nf 

7 . 0 

333 

- 

7 . 1 

- 

nf 

None ADT , CHEMO None None None ADT , CHEMO None None None None None None ADT , CHEMO ADT 

7 . 0 

T3bNOMX T2bNOMX ??bNOM? ??bNOM? T3bNOMx T2NOMx T3bN1Mx 
- 

Negative Negative e Negative e Negative e Negative e Negative Negative 

| emman 

none none none none none none fast 

R26T R3T R57T R39T R61T SP57T TPO S07211 TP08 S00520T 

nf 

60S M 60s M 50s M 60s M 60s M 60S M 70s M 

7 . 0 7 . 0 

W W W W 

N / A N / A N / A N / A N / A N / A 
1 . 3 

N / A N / A N / A N / A N / A N / A 
1 . 1 

146 . 0 137 . 0 107 . 0 127 . 0 160 . 0 161 . 0 17 . 0 

nf 

5 . 1 9 . 1 12 . 3 7 . 2 20 . 2 

- - 

3 3333 

nf 

T T 

7 . 0 9 . 0 

T 

T3bNOMX 
Negative 
fast 

9 . 0 

60s M 

W 

11 . 1 

1 . 3 

1 . 1 

ND ND ND ND ND ND 
POSITIVE FOR BONE METASTASIS NEW LEFT 

EXTERNAL : USE LYMPH NODE ; MO METASTASIS POSITIVE FOR PLASTIC AND HEPATIC METASTASIS NEW SCLEROTIC 
FOCUS @ T1 . 2 

NEGATIVE 

37 . 2 

T 

T2NOMX 
Negative 
fast 

f 

7 . 0 

60s M 
3 

W 

4 . 1 4 . 1 

1 . 9 1 . 9 

TP08 S00342T 

3 . 6 

30 . 6 

RT 

26 . 

T 

T3bN1Mx 
Negative 
fast 

4 

8 . 0 

90s M 
3 

W 

0 . 9 

4 . 4 

1 . 2 

27 . 1 

ADT 

« 

T 

T3bN1Mx 
Negative 
fast 

4 

7 . 0 

« 

90s M 

- 

14 . 6 

1 . 4 

3 . 7 

29 . 1 

ADT 

T4N1?x 
Negative 
fast 

9 . 0 

605 

4 

60s M 

W 

31 . 9 

29 . 1 

1 . 9 

not done 

67 . 0 

T3bN1Mx 
Negative 
fast 

4 

10 . 0 

90s M 

W 

29 . 3 

1 . 4 

0 . 9 

15 . 3 

« 

ADT , CHEMO ADT , CHEMO ADT 

POSITIVE FOR BONE METASTASIS NEGATIVE 

T 

T3bN1Mx 
Negative 
fast 

4 

7 . 0 

90s 
M 3 3 3 3 3 3 3 

W 

13 . 8 

1 . 7 

3 . 3 

30 . 6 

« 

T 

T3bN1Mx 
Negative 
fast 

4 

10 . 0 

90s M 

TP09 S0006T TP05 S0420T TP09 S0704T TP39 S0721T TP10PP S0420T TP10 S0538T TP10 S093T TP11PP S0438T TP12 S0048T TP12 S0049T TP12 S0102T 

9 . 1 

1 . 4 

1 . 8 

149 . 5 

ADT 

POSITIVE FOR BONE METASTASIS 
NO 

T3aNOMX 
Negative 
slow 

7 . 0 

60s M 

- 

4 . 1 

41 . 3 

40 . 0 

133 . 3 

RT 

T 

T3bN1Mx 
Negative 
fast 

4 

9 . 0 

90s M 

- 

11 . 8 

1 . 6 

1 . 9 

137 . 0 

ADT 

= = = = = 8 

POSITIVE FOR BONE METASTASIS Not Done 

T 

T3aNOMX 
Negative 
ND 

Z 

9 . 0 

70s M 
3 

W 

7 . 9 

ND 

ND Z Z 5 

23 . 0 

None 

T 

T2CNOMX 
Negative 
ND 

ND 

Z 

60s M 
3 

W 

13 . 6 

ND 

ND 

Not Done 

23 . 0 

None 

T 

T3aN1Mx 
Negative 

Aug . 24 , 2017 

ND 

ND 

Z 

7 . 0 

60s M 
3 

W 

10 . 7 

ND 

ND Z 

Not Done 

23 . 0 

None 



TABLE 7 - continued Clinical and pathological characteristics of 213 cases of prostate cancer from UPMC cohort 

Recurrence 

Time to progression ( Months ) 

Recurrence simple 

Sample 

Type TNM 

Length of follow - up Additional ( Months ) treatment 

Margin 
Recurrence 

PSA pre - operative 

Gleason Age Sex 

Race 

PSADT Radiology ( months ) follow - up 

US 2017 / 0240924 A1 

T 

T2aNOMX 

Negative ND 

ND 

ND 

7 . 0 

50s M 

4 . 1 

ND 

ND 

Not Done 

21 . 0 

None 

T 

T2CNOMX 
Negative 
ND 

ND 

ND 

7 . 0 

50s M 
3 

AA 

7 . 8 

ND ND 

ND 

Not Done 

22 . 0 

None 

T 

T20N1Mx 
Negative 
ND 

ND 

ND 

7 . 0 

60S M 
3 

W 

3 . 9 

ND 

ND 

Not Done 

22 . 0 

None 

4 

T2aN1Mx 
Negative 
fast 

7 . 0 

? 

60s M 
3 

W 

13 . 8 

1 . 4 

0 . 3 

33 . 0 

ADT 

. 

Bone / CT Scan ( s ) 

negative Not Done 

T3aN1Mx 
Negative 
fast 

f 

9 . 0 

90s 
M 3 

W 

5 . 5 

7 . 4 

2 . 4 

33 . 0 

ADT 

T3aN1Mx 
Negative 
ND 

ND 

ND 

8 . 0 

60s M 
3 

W 

6 . 0 

ND 

ND 

Not Done 

20 . 0 

None 

T 

T3aN1Mx 
Negative 
fast 

8 . 0 

90s M 
3 

$ 

6 . 1 

1 . 4 

0 . 2 

Negative 

22 . 0 

ADT 

T 

T3aN1Mx 
Negative 
fast 

8 . 0 

60s M 
3 

W 

20 . 3 

1 . 7 

0 . 6 

not done 

19 . 0 

ADT 

T 

T3bN1Mx 
Negative 
fast 

2nnnnnnnn 

7 . 0 

70s M 
3 

W 

3 . 3 

1 . 4 

2 . 0 

not done 

19 . 0 

none 

T 

T2aNOMX 
Negative 
ND 

ND 

ND 

7 . 0 

90s M 

$ 

3 

5 . 6 

N / A 

N / A 

not done 

17 . 0 

none 

T 

T2cNOMX 
Negative 
ND 

ND 

ND 

7 . 0 

60s M 
3 

W 

3 . 4 

ND 

ND 

Not Done 

16 . 0 

None 

27 

T 

TZANOMX 
Negative 
fast 

f 

9 . 0 

50S M 
3 

W 

23 . 6 

1 . 6 

0 . 3 

30 . 0 

None 

TP12 S0191T TP12 S0134T TP12 S0049T TP12 S0337T TP12 S0340T TP12 S0450T TP12 S0460T TP12 S0508T TP12 S0524T TP12 S0704T TP12 S0723T TP12 S0740T TP12 S0769T TP12 S0770T TP12 S0726T TP12 S0789T TP12 S0780T TP12 S0793T TP12 S0739T TP12 S0803T TP12 S0803T TP12 S0816T TP12 S0913T TP12 S0916T 

. 

Bone / CT Scan ( s ) 

nagative Not Done 

T 

T3aNOMX 
Negative 
ND 

ND 

ND 

7 . 0 

70s 
M 3 

W 

7 . 0 

ND 

ND 

17 . 0 

None 

3 3 

T 

T3aNOMX 
Negative 
ND 

ND 

ND 

7 . 0 ö ö ö 

40s M 
3 

W 

9 . 0 

ND 

ND 

Not Done 

19 . 0 

None ??? ???? ??? ??? ???? ? ? ? ? ? ? ??? ? ? ? ? ? ? ? ? ? 

T3bN1Mx 
Negative 
fast 

f 

7 . 0 

60s 
M 3 

W 

4 . 1 

1 . 3 

0 . 6 

not done 

- 

90 . 0 

ADT 

T3bN1Mx 
Negative 
ND 

ND 3 

ND 

7 . 0 

60s M 

W 

3 

10 . 5 

ND 

ND Z 

Not Done 

17 . 0 

- 

None 

T3aNOMX 
Negative 
fast 

7 . 0 

60s M 
3 

W 

14 . 1 

11 . 7 

3 . 7 

Not Done 

29 . 0 

- 

None 

T 

T2NOMX 
Negative 
ND 

ND 

ND 

7 . 0 

50S M 
3 

W 

2 . 4 

ND 

ND Z Z ? 

Not Done 

17 . 0 

None 

T3aNOMX 
Negative 

ND 

ND 

ND 

7 . 0 

90s M 
3 

6 . 4 

- 

ND 

ND 

17 . 0 

None 

CT Scan ( s ) negative Not Done 

T . 

T20N1Mx 

Negative ND 

ND 

ND 

7 . 0 

60s M 
3 

not done 

ND 

ND 

17 . 0 

None 

T 

T2CNOMX 
Negative 
ND 

ND 3 3 3 3 3 3 3 

ND 

7 . 0 

90s M 3 

W 

ND 

ND Z Z Z 

Not Done 

22 . 0 

4 . 0 4 . 1 

None 

T3aNOMX 
Negative 
ND 

ND 

ND 

7 . 0 

90s 
M 3 

W 

4 . 1 

ND 

ND 

Not Done 

17 . 0 

None 

Aug . 24 , 2017 

T 

T3aN1Mx 

Negative ND 

ND 

ND 

7 . 0 

60s M 
3 

W 

9 . 0 

ND 

ND 

Not Done 

16 . 0 

None 

3 Z 

T 

T3aNOMX 
Negative 
ND 

ND 

ND 

7 . 0 

60s M 
3 

$ 

5 . 0 

N / A 

N / A 

not done 

15 . 0 

none 



TABLE 7 - continued 

Clinical and nathological characteris 

Clinical and pathological characteristics of 213 cases of prostate cancer from UPMC cohort 

Sample 

Time to progression ( Months ) 

Type TNM 

Recurrence fast 

Margin 

Length of follow - up Additional ( Months ) treatment 

Recurrence simple 

Recurrence 

PSA pre - operative 

PSADT Radiology ( months ) follow - up 

Gleason Age Sex 
9 . 0 

70s M 

Race W 

US 2017 / 0240924 A1 

T 

T3aN1Mx 
Negative 
fast 

A 

$ 

6 . 8 6 . 8 

0 . 9 

2 . 2 

22 . 0 

ADT 

CT Scan ( s ) negative Not Done 

T 

T3aN1Mx 
Negative 
ND 

ND 

ND 

7 . 0 

40s M 
3 

W 

3 . 3 

ND 

ND 

NDND 

16 . 0 

None 

T3aNiMx 
Negative 

- 

f 

fast 

9 . 0 

50S 
M 3 

W 

10 . 1 

9 . 1 

3 . 1 

Not Done 

28 . 0 

None 

T3aNOMX 
Negative 
fast 

7 . 0 

y 

60S M 
3 

W 

13 . 7 

1 . 3 

0 . 4 

Not Done 

16 . 0 

- 

None 

T3aNOMX 
Negative 
ND 

ND 

ND 

7 . 0 

50S M 
3 

W 

12 . 2 

ND 2 

ND 

Not Done 

16 . 0 

None 

T 

T2aNOMX 

Negative ND 

ND 

ND 

7 . 0 

60S M 
3 

W 

6 . 0 

N / A 2 

N / A 

Not Done 

14 . 0 

None 

T 

T3aNOMX 
Negative 
ND 

ND 

ND 

7 . 0 

60s M 
3 

36 . 4 

ND 2 

ND 

Not Done 

15 . 0 

None 

T 

T3aNOMX 

Negative ND 

ND 

ND 

7 . 0 

60s M 
3 

W 

16 . 5 

ND 2 

ND 

Not Done 

16 . 0 

None 

T 

T3aNOMX 
Negative 
ND 

ND 

ND 

7 . 0 

50S 
M 3 

W 

9 . 2 

ND 2 

ND 

Not Done 

141 . 0 

None 

T 

T3aNOMX 
Negative 
fast 

8 . 0 

60s M 
3 

10 . 8 

1 . 3 

0 . 4 

not done 

13 . 0 

TP12 S0918T TP12 S0926T TP12 S0943T TP12 S0934T TP12 S0946T TP12 S0947T TP12 S0981T TP12 S0982T TP12 S1032T TP12 S1039T TP12 S0189T TP12 S1194T TP12 S1224T TP13 S0043T TP13 S0109T TP13 S0248T TP13 S0314T TP13 S0456T TP13 504564T 

none 

T 

T2CNOMX 
Negative 
ND 

ND 

ND 

7 . 0 

60s M 
3 

W 

18 . 3 

ND 

ND 

Not Done 

13 . 0 

None 

8C 

T 

T2NOMX 

Negative ND 

ND 

ND 

7 . 0 

70s M 
3 

W 

3 . 0 

ND 

ND 

Not Done 

14 . 0 

None 

T - 

T2NOMX 
Negative 
ND 

ND 

ND 

7 . 0 

60S M 
3 

W 

4 . 9 

ND 

ND 

Not Done 

16 . 0 

None 

4 

- 

T3aNOMX 
Negative 
fast 

8 . 0 

50s M 
3 

W 

22 . 0 

1 . 7 

0 . 2 

ND 

12 . 0 

None 

- 

4 

T3aNiMx 
Negative 
fast 

8 . 0 

70s M 
3 

W 

21 . 3 

1 . 6 

1 . 3 

ND 

12 . 0 

None 

2 2 2HHHHHH 

- 

T3aN1Mx 
Negative 
fast 

8 . 0 

60s M 
3 

W 

6 . 8 

2 . 1 

0 . 5 

ND 

11 . 0 

ADT 

- 

T3aNOMX 
Negative 
fast 

7 . 0 

60s M 
3 

W 

3 . 6 

7 . 1 

2 . 0 

ND 

9 . 4 

None 

T 

T3aNOMX 
Negative 
fast 

9 . 0 

50S M 
3 

W 

29 . 9 

1 . 9 

1 . 9 

ND 

7 . 0 

None 

T 

T3bN1Mx 
Negative 
fast 

9 . 0 

50s M 
3 

W 

10 . 0 

1 . 1 

0 . 3 

ND 

7 . 0 

€ 

None 

f - PSADTi 4 months ; nf - PSADT2 13 months ; y — yes ; n — no ; ADT - androgen deprivation therapy ; RT radiation therapy ; Chemo - chemotherapy ; ND — not determined . 

indicates text missing or illegible when filed 
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TABLE 8 
Clinical and pathological characteristics of 30 cases of prostate cancer from Stanford cohort . 

Sample Age Ethnicity 
Pre - op 
Rx 

Pre 
PSA I N M 

Path 
Grade Angio Margins 

PC 19T 
PC 252T 
PC 265T 

None 4 . 42 
None 42 
None 4 . 53 

T3a N1 MO 
T4 NO MO 
T2b NO MO 

4 + 5 Yes Negative 
3 + 4 Unknown Positive 
4 + 4 Unknown Negative 

PC 452T 
PC 366T 

None 
Horm 

5 . 12 
4 . 01 

T2b 
T3b 

NO MO 
NO MO 

4 + 3 Unknown Negative 
4 + 3 Unknown Negative 4 * 
+ 

PC 536T 
PC 47T 
PC 97T 
PC 370T 
PC 405T 
PC 448T 
PC 485T 
PC 498T 
PC 551T 
PC 4941 
PC 629T 

50s Caucasian 
60s Caucasian 
50s African 

American 
60s Caucasian 
50s African 

American 
60s Caucasian 
50s Caucasian 
50s Caucasian 
50s Caucasian 
60s Caucasian 
60s Caucasian 
60s Caucasian 
50s Caucasian 
40s Caucasian 
60s Caucasian 
70s African 

American 
60s Caucasian 
60s Caucasian 
60s Asian 
70s Caucasian 
70s Caucasian 
40s Caucasian 
80 s Caucasian 
60s Caucasian 
60s Caucasian 
40s Caucasian 
50s Caucasian 
60s Caucasian 
70s Hispanic 
40s Caucasian 

None 10 . 7 
None 9 . 92 
None 4 . 1 
None 10 . 76 
None 15 . 44 
None 7 . 1 
None 5 . 91 
None 4 . 68 
None 4 . 8 
None 2 . 38 
None 3 . 2 

T2b 
T2b 
T2b 
T3b 
T2b 
T3b 
T2b 
T2b 
T2b 
T2b 
T2b 

NO MO 3 + 4 No Negative 
NO MO 3 + 4 Unknown Negative 
NO MO 4 + 3 Unknown Negative 
N1 MO 4 + 4 Yes Negative 
N1 MO3 + 4 Unknown Negative 
NO MO3 + 4 Unknown Negative 
NO MO 3 + 4 Yes Negative 
NO MO3 + 3 Unknown Negative 
NO MO3 + 3 Unknown Negative 
NO MO + 4 Unknown Negative 
NO MO3 + 3 Unknown Negative 

wwwwwww A AW 

+ 

PC 643T 
PC 646T 
PC 473T 
PC 470T 
PC 482T 
PC 15T 
PC 501T 
PC 274T 
PC 343T 
PC 599T 
PC 45T 
PC 86T 
PC 99T 
PC 85T 

None 7 . 16 
None 4 . 9 
None 4 . 64 
None 6 . 8 
None 2 . 84 
None 5 . 12 
None 3 . 93 
None 3 . 9 
None 10 . 77 
None 8 . 9 
None 6 . 58 
None 2 . 1 
None 6 . 26 
None 4 . 8 

T2b NO MO 3 + 4 No Negative 
T2b NO MO3 + 4 Unknown Negative 
T2b NO MO3 + 4 Unknown Negative 
T2b NO MO3 + 4 Unknown Negative 
T2b NO MO 3 + 3 Unknown Negative 
T2b NO MO 3 + 3 Unknown Negative 
T2b NO MO 4 + 3 Unknown Negative 
T2b NO MO 3 + 4 Unknown Positive 
T2b NO MO3 + 3 Unknown Negative 
T2b NO MO3 + 4 Unknown Negative 
T2b NO MO + 4 No Negative 
T2b NO MO 3 + 4 Unknown Negative 
T2b NO MO3 + 4 Unknown Negative 
T2a NO MO 3 + 4 Unknown Positive 

??? ??? ??? ??? ??? ??? ? ??? ??? ??? ??? ??? ??? ??? 

9999 
Sample 

Months 
followup Recurrence 

Months to 
recurrent PSADT Relapse 

Relapse Relapse 
fast simple 

« 

« 

« 

« 

« 

« 

nf « 

19 . 13333333 
10 . 2 

2 . 77 
19 . 17 
12 . 33 
24 . 86666667 
37 . 6 
61 . 13333333 
15 . 83 
2 . 5 

35 . 65 
49 . 7 

ND 
ND 

« 

« 

« 

nf « 

« 

PC 19T 
PC 252T 
PC 2651 
PC 452T 
PC 366T 
PC 536T 
PC 47T 
PC 97T 
PC 370T 
PC 405T 
PC 448T 
PC 485T 
PC 498T 
PC 551T 
PC 494T 
PC 629T 
PC 643T 
PC 646T 
PC 473T 
PC 470T 
PC 482T 
PC 15T 
PC 501T 
PC 274T 
PC 343T 
PC 599T 
PC 45T 
PC 86T 
PC 99T 
PC 85T 

116 . 2 Biochemical 
22 . 86666667 Biochemical 
20 . 76666667 Biochemical 
89 . 3 Biochemical 
82 . 7 Biochemical 
73 Biochemical 
64 . 66666667 Biochemical 
117 Biochemical 
68 . 8 Biochemical 
40 . 06666667 Biochemical 
72 Biochemical 
71 . 6 Biochemical 
50 . 66666667 None 
47 . 6 None 
41 . 43333333 None 
48 . 3 None 
43 . 8 None 
49 None 
52 . 83333333 None 
47 . 66666667 None 
45 . 9 None 
118 None 
74 . 6 None 

105 . 5 None 
61 . 96666667 None 
61 . 3 None 
118 . 1 None 
105 . 6 None 
120 . 6 None 
96 None 

ND 
ND 

4 . 11 fast 
3 . 85 fast 
3 . 89 fast 
4 . 32 fast 
9 . 01 intermediate nf 
8 . 55 intermediate nf 

98 . 56 slow 
> 20 slow 
21 . 89 slow 

> 20 slow 
> 20 slow 
20 . 60 slow nf 
n / a ND ND 
n / a ND ND 
n / a ND ND 

ND ND 
n / a ND ND 
n / a ND ND 

ND ND 

ND ND 
n / a ND ND 
n / a none 

none 
n / a none 
n / a none 
n / a none 
n / a none 
n / a none nf 
n / a none 
n / a none 

na 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

na 
n / a 

> 60 = 

> 60 n / a = 

= 

= 

> 60 
> 60 
> 60 
> 60 
> 60 
> 60 
> 60 

= ?? ???? ??? ?? ?? ???? ???? ?? 

EE , EE , EA EA EA EL , E , 

n 
= 

= 

f - PSADT , 4 months ; nf - PSADT , 13 months ; y — yes ; n — no ; ADT - androgen deprivation therapy ; RT - radiation therapy ; 
Chemo — chemotherapy ; ND — not determined . 
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TABLE 9 

Clinical and pathological characteristics of 36 
cases of prostate cancer from Wisconsin cohort . 

Pre 
Sample operational PSA 

Grade recurrence ID Age Stage Margin PSA 

W1 60s 
50s 

TIC 
Tic 

+ , and lymph node 12 
4 . 5 

3 + 3 
3 + 4 
3 + 4 50s T?? 2 . 9 

yes 
no 
yes 
no 
yes 

5 

W2 
W3 
W4 
W5 
W6 
W7 

+ 

+ + + + 

+ 

+ , and lymph node 
5 . 1 
4 . 13 
5 . 2 

+ yes 
+ 

W8 7 
yes 

4 + 4 no no yes 4 . 95 + 

+ , and lymph node 42 + yes 
+ 

+ 
+ + III 

+ 

yes 
yes 
yes 

3 no 
3 yes 

3 + 4 

T2B Noww + 

+ 70s 
60s 
60s 
60s 

no 

70s T?? 
50s T2A 
60s T2A 
60s Tic 
40s T1C 
60s TIC 
40s TIC 
40s unknown 
60s DO 
60s unknown 
50s 

T2B 
??? 
T2C 
T2C 

60s T2C 
60s T2C 
60s T2A T2A 
60s ??? 
50s T2C 
50s ??? 

T2C 
T2C 

50S T2C 
unknown unknown 

60s T2C 
60s unknown 

no + 

yes 
+ + + I + I + 

5 . 6 
unknown 

4 . 47 

W9 
W10 
W11 
W12 
W13 
W14 
W15 
W16 
W17 
W18 
W 19 
W20 
W21 
W22 
W23 
W24 
W25 
W26 
W27 
W28 
W29 
W30 
W31 
W32 
W33 
W34 
W35 
W36 

AAAAAAWA wwwwwwwwwwwwwwwwwwwww 60s 

3 + 4 
4 + 3 no 
3 + 4 no 
3 + 3 no 
3 + 4 yes 
3 + 4 no 
3 + 4 no 

no 

NN aya 
+ 50s 

60s 
5 . 4 
4 . 6 3 . + 4 no 
4 . 1 | + 

+ unknown 
+ 
unknown 

unknown 
4 . 6 

unknown 

+ 3 no 

4 ND 
no uuuA AWAAA + 

+ no 
60S T2c 4 + 

+ 40s ??b 
50s unknown unknown 
50s T3b 

unknown unknown unknown 
50s unknown unknown 

+ 5 Yes 
Yes 

4 + 4 Yes 
4 + 5 Yes 
4 + 5 ND 
4 + 4 ND 

27 
unknown 

3 . 7 
unknown 
unknown 

+ 
+ 

TABLE 10 TABLE 11 

The status of 8 fusion genes predicting prostate 
cancer recurrence on 90 training cohort from UPMC * . The status of 8 fusion genes with or without 

TMPRSS2 - ERG predicting prostate cancer recurrence * . 
Number of fusion accuracy sensitivity specificity Youden inex 

Cohort accuracy sensitivity specificity 
Panel of 8 fusion transcripts 

8 fusion transcript 

0 . 89 
0 . 95 NOWN 

0 . 567 0 . 19 
0 . 644 0 . 33 
0 . 622 0 . 33 0 . 95 
0 . 622 0 . 33 0 . 95 
0 . 644 0 . 38 0 . 95 
0 . 711 0 . 5 0 . 95 
0 . 689 0 . 5 0 . 91 
0 . 711 0 . 58 0 . 89 

Panel of 8 fusion transcripts plus TMPRSS2 - ERG 

0 . 19 
0 . 33 
0 . 29 
0 . 29 
0 . 33 
0 . 45 
0 . 40 
0 . 47 

UPMC training 0 . 711 0 . 58 

UPMC testing 0 . 705 0 . 51 
Wisconsin 0 . 8 0 . 63 
Stanford 0 . 762 0 . 67 
Combined testing * * 0 . 734 0 . 56 

8 fusion transcript plus TMPRSS2 - ERG 

0 . 89 

0 . 951 

UPMC training 
UPMC testing 
Wisconsin 

0 . 69 
0 . 69 

NO AWNA 
0 . 589 
0 . 622 
0 . 6 
0 . 6 
0 . 611 
0 . 656 
0 . 633 
0 . 656 

0 . 42 
0 . 48 
0 . 48 
0 . 48 
0 . 5 
0 . 58 
0 . 58 
0 . 63 

0 . 86 

0 . 79 
0 . 79 
0 . 74 
0 . 74 
0 . 74 
0 . 74 
0 . 69 
0 . 69 

0 . 20 
0 . 27 
0 . 22 
0 . 22 
0 . 24 
0 . 32 
0 . 27 
0 . 32 

0 . 656 
0 . 681 

0 . 767 
0 . 762 
0 . 712 

0 . 63 
0 . 67 
0 . 69 

0 . 83 

0 . 70 
Stanford 0 . 67 

Combined testing * * 0 . 73 

* Using any fusion transcript as cutoff ; 
* * Combining UPMC testing , Stanford and Wisconsin data set . * Using any fusion transcript as cutoff . 






































































