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A TMPRSS2-ERG gene signature predicts prognosis of
patients with prostate adenocarcinoma

Dear Editor,

The transmembrane protease serine 2-ETS-related gene
(TMPRSS2-ERG) fusion occurs in >50% of prostate can-
cers, leading to upregulation of the transcription factor
ERG and tumor cell sensitivity to androgen.! The fusion is
associated with more aggressive manifestations of prostate
cancer.” Here, we developed a gene signature that recapit-
ulated the pathway activity downstream of the TMPRSS2-
ERG fusion event and applied it to predict patient progno-
sis in prostate cancer.

The gene signature was defined by performing a logis-
tic regression on every gene in The Cancer Genome
Atlas prostate adenocarcinoma (TCGA-PRAD) dataset.
TMPRSS2-ERG fusion status was used as the response
variable, while gene expression level, age, and Gleason
score were used as predictor variables. Based on these
results, the 700 most significant genes were selected and
for each of them a weight within [—1, 1] was assigned
with sign indicating up- and downregulation, respectively.
Given a new prostate cancer gene expression dataset, the
weighted gene signature was applied to calculate sample-
specific scores for all samples by using a rank-based
statistic method named BASE.® The resultant signature
scores recapitulate the deregulated pathways downstream
of the TMPRSS2-ERG fusion event. GO enrichment anal-
ysis indicates that genes associated with hormone secre-
tion and regulation were highly enriched in this signature
(Table S3). A detailed description about the signature can
be found in the Supporting Information Materials.

First, we tested whether the signature can identify
tumors with TMPRSS2-ERG fusion in the TCGA and
two additional prostate cancer datasets, the Sboner data
(GSE16560) and the Setlur data (GSE8402) (Table S1). We
found that fusion-positive samples exhibited significantly
higher signature scores than fusion-negative samples in
all datasets (Figure 1A and Figure S1A and B). When
the signature score was used to classify the two sample
groups, a fairly high accuracy was achieved in all datasets

as shown by the response operating characteristic curves
and area under the curve scores (Figure 1B). A direct conse-
quence of TMPRSS2-ERG fusion is the upregulated expres-
sion of ERG. Indeed, we found that the signature score
is highly correlated with the ERG mRNA level in both
fusion-positive and fusion-negative samples (Figure S1C
and D). Interestingly, a small subset of TMPRSS2-ERG
fusion-negative samples was associated with high signa-
ture scores (Figure S1A). Of these samples, nine can be
explained by the fusion of ERG with other genes such as
SLC45A3. Signature scores of these samples (ERG-Other)
were lower than samples with TMPRSS2-ERG fusions, but
were significantly higher than the samples with no ERG
fusion (Figure 1C). These results indicate that genomic
events alternative to TMPRSS2-ERG fusion might dereg-
ulate the same downstream pathways and thus result in
similar gene expression patterns.

Second, we examined the ability of signature score to
predict patient prognosis using the Sboner data, for which
disease-specific survival information was available. We cal-
culated the signature scores for all samples and strati-
fied patients into two groups using the median score as
the threshold. Patients with high scores have significantly
poorer prognosis (P =7 x 10~%) than those with low scores
(Figure S2A). When this analysis was restricted to sam-
ples without TMPRSS2-ERG fusion, the same result was
observed: high score was associated with poor progno-
sis (P = .002, Figure 1D). Interestingly, in fusion-positive
samples high score was associated with good prognosis
(P = .02, Figure 1D), in contrast to the negative association
observed in fusion-negative samples. Similar results but
lower significance was obtained when ERG gene expres-
sion was used to stratify prostate cancer patients (Figure
S2B-D). Gleason score has been defined to categorize mor-
phological differences and found to have high prognostic
value in prostate cancer.* The most common Gleason score
at diagnosis5 and within this dataset is 7 (Figure S3A, Sup-
porting Information Table 1), therefore we investigated the
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FIGURE 1 The TMPRSS2-ERG gene signature is predictive of patient prognosis in prostate cancer. A, Fusion-positive samples

have significantly higher signature scores in the Setlur (GSE8402) dataset (Wilcoxon test). B, Signature score accurately differentiates prostate
tumor samples based on fusion status in TCGA-PRAD, Sboner (GSE16560), and Setlur (GSE8402) datasets. C, Samples that contain TMPRSS2-
ERG and ERG-Other fusions have significantly higher signature scores compared to samples with no ERG fusion in TCGA-PRAD (Wilcoxon

test). D, Fusion-positive samples with low signature scores exhibited significantly worse prognosis than fusion-positive samples with high

signature scores (log-rank test). In contrast, fusion-negative samples with high signature scores exhibited significantly poorer prognosis than
fusion-negative samples with low signature scores (log-rank test). E, Patients with high signature scores exhibit significantly poorer prognosis
in Gleason 7 samples (log-rank test). F, Signature score differentiates indolent and lethal tumor samples with relative accuracy in all, fusion-

negative, Gleason 7, and Gleason 7 and fusion-negative samples

prognostic value of our signature in Gleason 7 (G7) sam-
ples. The result indicated that high score was associated
with poor prognosis in all G7 (P = .04) and fusion-negative
G7 (P = .02) samples (Figure 1E, Figure S3B). In addi-
tion, signature score can accurately differentiate indolent
from lethal tumor samples (Figure 1F), with lethal samples
exhibiting significantly higher scores than indolent sam-
ples (Figure S3C-F).

Finally, we examined the impact of TMPRSS2-ERG
fusion on intratumoral immune infiltration in order to
understand why fusion-positive patients have poor sur-
vival. Previous studies have reported the association of
immune infiltration with cancer development and progno-
sis in prostate cancer.® The leukocyte abundance in TCGA
prostate cancer samples was obtained from the Thors-
son et al’s study.” A comparison between TMPRSS2-ERG
fusion-positive and fusion-negative samples indicated

significantly lower leukocyte level in the former group
(Figure 2A). Then, we applied a computation method® to
infer the infiltration levels of six immune cell types (naive
B cell, memory B cell, CD8" T cell, CD4* T cell, natural
killer cell, and monocyte) in all TCGA prostate cancer sam-
ples based on their gene expression profiles. Our results
indicate that naive B cells (P = .02), natural killer cells
(P =2 x 107%), and monocytes (P = 3 x 10~%7) have sig-
nificantly lower infiltration in fusion-positive than fusion-
negative samples, while CD4* T cells (P = 1x 10~%*) have
significantly higher infiltration in fusion-positive samples
than fusion-negative samples (Figure 2B). These findings
were further supported by significant correlation between
immune infiltration and signature score (Table S2). Taken
together, our results suggested that TMPRSS2-ERG fusion
is associated with reduced level of immune infiltration.
Previous studies have shown that higher nonsynonymous
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FIGURE 2 The TMPRSS2-ERG gene signature is associated with immune infiltration. A, Leukocyte abundance was significantly

higher in fusion-negative samples. The number of samples in each group is found within the parenthesis. B, Fusion-positive samples have
significantly lower Naive B cell (NavB), natural killer cell (NKcell), and monocyte infiltration, but lower CD4* T cell (CD4T). C, Fusion-
positive samples have significantly lower tumor mutation burden, represented as nonsynonymous mutation rate. D, Fusion-positive samples

have significantly lower copy number variation burden, represented as fraction of altered genome (fraction altered). E, Fusion-positive samples

have significantly lower homologous recombination deficiency (HRD) scores. The P-values were calculated from the Wilcoxon rank-sum test

mutation rate and lower copy number variation (CNV)
in tumor samples are associated with higher immune
infiltration.”!° We found that TMPRSS2-ERG fusion was
associated with lower nonsynonymous mutation rate
(Figure 2C). However, we also observed lower level of frac-
tion altered (Figure 2D) and lower homologous recom-
bination deficiency scores (HRD) in fusion-positive sam-
ples (Figure 2E). Both fraction-altered and HRD represent
CNV levels. Thereby, the immune infiltration differences
between fusion-positive and fusion-negative samples are
not due to CNV but nonsynonymous mutation rate.

In summary, we defined a novel gene signature for
TMPRSS2-ERG fusion with great clinical value. The gene
signature recapitulates the deregulated pathway down-
stream of the TMPRSS2-ERG fusion event and is predictive
of patient prognosis in prostate cancer.
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