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Background: The application of using the appropriate genetic markers for predicting the risk of a prostate
cancer (PCa) metastasis in patients would be beneficial; however, there is a large amount of irrelevant
genomic information which negatively influences this predictive clinical accuracy.

Methods: We selected 10 candidate genes based on the microarray dataset of the two single-patient
derived PCa tumor lines with different metastatic potentials. PCa patients who underwent a radical surgery
in the MSKCC cohort, were enrolled to evaluate the predictive performance of the single gene and gene
combination.

Results: All of the included candidate genes were significantly associated with a PCa metastasis, and some
were also related with prostate specific antigen (PSA), Gleason score, biochemical recurrence (BCR), and
death. Multivariate logistic regression analysis was performed, and it showed that three candidates, COL1A1,
SEMA3C and SLC22A3, may be associated with the metastasis of PCa; however, there was no significant
independent predictive gene found, based on Bonferroni correction. In addition, The area under the curve
(AUC) of the combination group (AUC =0.972, sensitivity =100.00%, specificity =90.16%) was significantly
higher than any candidate gene alone (P<0.05).

Conclusions: Our findings suggest that the genomic microarray tests could assist in the determination of
which PCa patients are at a high-risk for metastasis following a radical surgery. It also would help urologists

to determine the optimal treatment for PCa patients.
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Introduction RP will experience disease recurrence, ending with an
incurable metastasis which is responsible for more than

Prostate cancer (PCa) is a common malignant tumor with T
70% of the PCa deaths (2). Therefore, it is important to

an estimated 161,360 newly diagnosed patients in United

States in 2017. It is also the third leading cause of cancer
deaths among men, accounting for 8% of the total amount
with an estimated 26,730 deaths (1). It is well known that a
localized PCa can be treated with a radical prostatectomy
(RP) or radical radiotherapy treatments, but it is estimated
that approximately 20% of the PCa patients who undergo
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identify the population at a high-risk of developing a PCa
recurrent metastasis after RP therapy.

Multiple genes participate in tumor metastasis; it has
multiple steps and a complicated biological process (3,4).
Although many genes have been widely confirmed to be
associated with a metastasis of PCa, the predictive potential
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of using these genes is limited and uncertain (5-7). In
addition, the tumor microenvironment varies significantly
in every patient who receives treatment management when
compared with the untreated cases. This difference may
greatly affect the evaluation of the gene associations with a
prognostic outcome (8-10). Thus, it is urgently necessary
to use the appropriate genetic combination for predicting
the metastasis risk for PCa patients after a radical surgery in
order to manage the timely corresponding treatment. The
Decipher (GC) test (11), which analyzed the expression of
22 genes, indicated that there was a significant association
between the patient’s GC score and the chance of a clinical
metastasis. However, the candidate gene selection was based
on the comparison between 359 training and 186 validating
cases in the microarray dataset, which may have had race or
individual variations that could have caused bias.

In this study, we selected 10 candidate genes based
on the microarray dataset of two single-patient derived
tumor lines, which had simple characteristics except for the
metastasis potential (12). PCa patients who underwent a
radical surgery in the MSKCC (13) cohort were enrolled
to evaluate the predictive performance of a single gene by
way of the receiver operating characteristic (ROC) curve.
Multivariate logistic regression analysis and the combined
ROC curves were used to compare the metastatic prediction
capability and efficiency between the candidate gene
combinations and the single genes.

Methods
Patient-derived xenograft (PDX) model

The microarray dataset (12) of PDX models was used in
our study. The LTL-313B and LTL-313H were derived
from different biopsy sites of a single PCa patient, and
the LTL-313H tumor lines were more likely to develop a
lung metastasis, whereas the IT'L-313B tumor line was not
found (12). The microarray dataset of the two tumor lines
was investigated and compared, and the up/down-regulated
genes were screened to select the candidates. The gene
expression microarray dataset is available on the GEO site:
GSE41193.

The candidate gene expressions from the LTL-313B
and LTL-313H datasheets underwent a log transformation
to approximate normality using the Z-score, and the
fold change (FC). 1/FC was used to compare differences
between the gene expression with the cut-off point set
at 1.5. There were 1998 up-regulated and 1738 down-
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regulated genes left after the comparison. An overlapping
of the data for the difference in expression with the clinical
PCa patient’s cohort was performed to narrow the choice
down, and we discovered 33 and 21 candidates for future
investigation. Based on a literature search and analysis, 10
unreported candidate genes were introduced into our study.

Patient population

The MSKCC Pca patient cohort was introduced to evaluate
the association between gene expression and a metastasis
prognosis (13). Localized PCa patients who underwent a
radical surgery were enrolled in our study, and all cases had
the necessary information for continued research. This
included all the microarray data, prostate specific antigen
(PSA) (diagnosis), PSA (prior to RP), Gleason score (biopsy),
Gleason score (pathology), clinical T stage, pathologic
T stage, type of RP, surgical margin status (SMS), extra-
capsular extension (ECE), seminal vesicle invasion (SVI),
lymph node involvement (LNI), biochemical recurrence
(BCR), metastasis (Met), and death statistics.

Statistical analysis

The quantitative variables are presented as the mean
and standard deviation (SD). An analysis of covariance
(ANCOVA) was used to compare the expression between
different groups with various features and prognoses in
the MSKCC PCa cohort. ROC analyses were performed
to evaluate the predictive potential of single genes and
combinations of genes by analyzing the area under the curve
(AUCQ) for each sample. Multivariate logistic regression
was used to investigate the independent risk gene, and a
Bonferroni correction was used for multiple comparisons
among the 10 genes. Gene microarray data was normalized
with Z-score transformation using a formula in Excel.
Other statistics were analyzed using the SPSS (22.0 version)
software package. Statistical significance was set at P<0.05.

Results

Based on the microarray data from the PDX model LTL-
313B and LTL-313H datasets, 10 candidate genes, which
included 3 up-regulated and 7 down-regulated candidates
in the high-metastatic tumor line, were selected for future
analysis. The expression of the candidate genes in the two
tumor lines is shown in the Table 1.

The MSKCC PCa patient cohort was used to evaluate
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Table 1 Expression of candidate genes in LT L-313B and LTL-313H

Gene name 313B (mean + SD) 313H (mean = SD) Log2 (313H-313B) FC (313H/313B) 1/FC (313B/313H)
COL1A1 11.46+1.45 12.78+0.12 1.31 25 0.4

MELK 8.69+0.71 9.50+0.63 0.81 1.8 0.6

PBK 7.84+0.35 8.63+0.62 0.78 1.7 0.6
ALDH1A2 3.13+1.35 1.62+0.11 -1.51 0.4 2.8
ANPEP 9.95+1.36 8.72+1.15 -1.24 0.4 24
ANTXR2 10.43+0.90 9.37+0.72 -1.06 0.5 2.1
SEMA3C 6.90+0.47 5.74+0.89 -1.16 0.4 2.2
SLC22A3 6.29+0.47 4.87+1.08 -1.42 0.4 2.7

DPP4 13.91+0.48 12.65+1.17 -1.26 0.4 2.4
SH3BGRL2 6.64+0.44 5.32+0.85 -1.32 0.4 25

SD, standard deviation; FC, fold change; 1/FC, 1/fold change.

the predictive potential of the candidates, and the clinical
characteristic of all enrolled patients is shown in Table 2.

An analysis of variance (ANOVA) was performed to
explore the association of clinical features and prognosis
with the selected genes among the primary patient cohort
who underwent radical surgery. It showed that the up/
down-expressed candidate genes were significantly
associated with the PCa metastasis, and some were also
related to BCR, death (Table 3) as well as the PSA, Gleason
score, SMS, ECE, SVI, and LNI (data not shown).

The predicative value of the single candidate gene was
assessed using ROC curves. SLC22A3 had the highest
AUC of 0.862, with sensitivity of 100.00% and specificity of
71.31% among the selected genes, whereas the AUC of the
remaining candidates was distributed from 0.661 to 0.765
(Figure I).

As shown in Table 4, multivariate logistic regression
analysis was conducted to investigate the independent
predictive genes. It was found that three candidates may
associate with the metastasis of Pca (COL1A1, SEMA3C,
SLC22A3,). However, a Bonferroni correction was
performed as shown in Tuble 5, and the difference did not
reach statistical significance among the three genes.

According to the combined predictive rate, the
combination ROC curve was performed. The AUC of the
combination group (AUC =0.972, sensitivity =100.00%
and specificity =90.16%) was significantly higher than any
candidate gene alone (P<0.05), which is illustrated in Figure 2
and Tuble 6.

© Translational Cancer Research. All rights reserved.

tcr.amegroups.com

Discussion

The metastasis of PCa after RP therapy is associated
with various clinical risk factors, such as tumor stage,
Gleason score, SMS, LNI, as well as others (14). Due
to the biological heterogeneity of PCa, it is complicated
and too easily affected to use clinical factors alone as
predictors for the postoperative PCa patient. It is known
that all biological behavior of the tumor is accompanied by
complicated genetic changes; thus, it is feasible to combine
the biomarker genes to improve predictive efficiency and
accuracy.

The prediction of a PCa metastasis for patients who
undergo a radical cystectomy (RC) by way of a gene
microarray dataset is part of precision medicine (15). The
purpose for precision medicine is to identify molecular
alterations in the individual cancer patients, such as the copy
number alterations (CNAs), gene mutations or fusions and
protein expression, to predict disease risk, and to provide
optimal therapeutic options (16-18). Compared with the
“one size fits all” approach, precision medicine would
predict a personalized prognosis for malignant patients
and tailor an individual adjuvant treatment according to
their gene map landmark. Dai er a/. (19) constructed an
integrated diagnostic network and provided a gene panel
of reasonable size to investigate the pivotal genes and
the primarily hallmarks to offer novel diagnostic markers
or therapeutic targets for breast cancer patients. The
“Oncotype DX” system, which is based on a quantitative
RT-PCR, has 21-gene signatures, and has been successfully
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Table 2 Clinical characteristics of enrolled patients in MSKCC

Characteristics Metastasis Primary P
N 9 (6.90%) 122 (93.10%) -
Age* 58.25+7.37 58.01+6.99 0.923
PSA (diagnosis)* 8.57+8.65 8.48+12.54 0.982
PSA (before RP)* 10.77+11.92 8.48+7.81 0.417
Surgery type RP, LP RP, LP, SALVRP

sms’ 3/6 28/94 0.764
ECE 9/0 80/42 0.077
svI* 3/6 11/111 0.085
LNI* 3/6 3/96 0.002
T stage (clinical)’ 2/7 13/109 0.611
T stage (pathology)* 9/0 66/56 0.019
Gleason score (biopsy)* 6.88+0.64 6.48+0.74 0.139
Gleason score (pathology)* 8+0.71 6.77+0.69 0
BCR’ 9/0 18/104 <0.001
BCR free time* 14.36+13.26 50.68+29.11 0
Death” 1/8 6/116 0.977
COL1A1* 10.29+0.85 9.62+0.56 0.001
MELK* 5.53+0.19 5.38+0.23 0.045
PBK* 5.07+0.13 4.91+0.21 0.032
ALDH1A2* 7.66+0.56 7.99+0.47 0.047
ANPEP* 8.9+1.16 9.98+1.23 0.012
ANTXR2* 9.54+0.58 9.99+0.65 0.044
SEMA3C* 8.46+1.02 9.31+0.62 0
SLC22A3* 7.85+0.7 9.31+1.09 0
DPP4* 8.64+1.52 9.63+1 0.006
SH3BGRL2* 8.38+0.61 8.89+0.61 0.016

*, mean + SD; ¥, positive/negative. SMS, surgical margin status; ECE, extra-capsular extension; SVI, seminal vesicle invasion; LNI, lymph
node involvement; BCR, biochemical recurrence; BCR free time, biochemical recurrence free time; SD, standard deviation.

Table 3 Association of candidate genes and prognosis of Pca patients in MSKCC

Gene name BCR (mean + SD) Met (mean + SD) Death (mean + SD)
COL1A1

Y 10.09+0.64 10.29+0.85 9.93+0.48

N 9.56+0.54 9.62+0.56 9.65+0.61

P 0.000 0.001 0.245

Table 3 (continued)
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Gene name BCR (mean + SD) Met (mean + SD) Death (mean + SD)
MELK

Y 5.48+0.21 5.53+0.19 5.55+0.57

N 5.36+0.23 5.38+0.23 5.38+0.19

P 0.023 0.045 0.055
PBK

Y 5.00+0.18 5.07+0.13 4.97+0.30

N 4.90+0.21 4.91+0.21 4.92+0.21

P 0.036 0.032 0.544
ALDH1A2

Y 7.78+0.57 7.66+0.56 7.91£0.22

N 8.02+0.44 7.99+0.47 7.97+0.49

P 0.024 0.047 0.745
ANPEP

Y 9.73+1.23 8.90+1.16 9.30+1.40

N 9.96+1.26 9.98+1.23 9.94+1.24

P 0.394 0.012 0.190
ANTXR2

Y 9.82+0.55 9.54+0.58 9.76+0.96

N 10.00+0.67 9.99+0.65 9.97+0.63

P 0.192 0.044 0.409
SEMAS3C

Y 9.02+0.92 8.46+1.02 9.36+0.99

N 9.32+0.60 9.31+0.62 9.25+0.66

P 0.040 0.000 0.690
SLC22A3

Y 8.68+1.10 7.85+0.70 8.24+1.17

N 9.35+1.10 9.31+£1.09 9.27+1.10

P 0.006 0.000 0.019
DPP4

Y 9.25+1.33 8.64+1.52 9.10+2.02

N 9.65+0.97 9.63+1.00 9.59+0.99

P 0.081 0.006 0.238
SH3BGRL2

Y 8.56+0.69 8.38+0.61 8.63+0.90

N 8.93+0.58 8.89+0.61 8.87+0.60

P 0.006 0.016 0.318

PCa, prostate cancer; SD, standard deviation; Y, yes; N, no; BCR, biochemical recurrence; Met, metastasis.
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Figure 1 ROC curve of single candidate genes. SLC22A3 had the highest AUC of 0.862, with sensitivity of 100.00% and specificity of
71.31% among the selected genes, whereas the AUC of the remaining candidates was distributed from 0.661 to 0.765. ROC, receiver

operating characteristic; AUC, area under curve; cut off value, the optimal threshold; Youden index, sensitivity + specificity - 1.
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Table 4 Multivariate logistic regression analysis of Pca metastasis in MSKCC

95% Cl
Gene name B S.E. Wald P Exp (B)
Lower Upper

COL1A1 2.145 1.017 4.445 0.035 8.543 1.163 62.758
MELK 5.093 3.812 1.785 0.182 162.812 0.093 285,991.843
PBK -0.027 3.836 0.000 0.994 0.973 0.001 1,794.308
ALDH1A2 1.532 1.477 1.076 0.299 4.628 0.256 83.629
ANPEP -0.790 0.608 1.692 0.193 0.454 0.138 1.492
ANTXR2 0.618 1.500 0.170 0.680 1.855 0.098 35.112
SEMA3C -3.502 1.563 5.021 0.025 0.030 0.001 0.645
SLC22A3 -1.725 0.860 4.023 0.045 0.178 0.033 0.961
DPP4 -0.132 0.861 0.023 0.878 0.876 0.162 4.741
SH3BGRL2 3.714 2.058 3.258 0.071 41.017 0.727 2,313.785
Constant —-47.491 30.850 2.370 0.124 0.000 - -

PCa, prostate cancer.

Table 5 Bonferroni correction of multivariate logistic regression

analysis

Gene Raw P Corrected P
COL1A1 0.035 0.35
SEMA3C 0.025 0.25
SLC22A3 0.045 0.45

developed to be commercially available (20). The system
predicts the likelihood of a breast cancer recurrence,
and helps physicians to identify the potential risk for the
patient, who can obtain benefits from additional adjuvant
chemotherapy before hormonal therapy. In addition, the
“Oncotype DX” also has a 12-gene signature system which
can be used in the application of determining the risk of
a relapse for colorectal cancer patients (21). Moreover,
molecular precision medicine is also used in other tumor
types, such as pancreatic cancer (22), lung cancer (23,24),
and hematological cancer (25).

For PCa, Hieronymus et 4/. (26) analyzed the genome-
wide CNAs of PCa patients and found an average CNA
burden of 5%. In addition, they also reported that the CNA
burden was associated with BCR in adapted multivariate
models. The Oncotype DX system in PCa, named the
genomic prostate score (GPS) (27), assessed the RNA
expression of 12 cancer-related genes (and five reference
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genes), which was significantly associated with disease risk.
Cullen ez al. (27) investigated 431 PCa patients and found
the time to BCR to be closely related with the GPS in
both the univariate and multivariate analyses. In addition,
Cuzick et al. (28) constructed a cell-cycle progression score
(also known as Prolaris) and predicted which were the
high risk patients with BCR and DSS by analyzing a set
of 46 genes. Obviously, it is useful and effective to apply a
gene combination panel as a prognostic predictor for PCa.
Several prognosis predictive systems for PCa have been
applied in clinical practice, but no research regarding the
relationship of CNAs and metastasis after PR has been
looked into.

In our current study, 10 candidate genes were selected
according to the genetically distinct ITL-313B and LTL-
313H datasheets, which may reduce the bias from different
individuals. The predicative values of all selected genes
were distributed from 0.661 to 0.862. Based on multivariate
logistic regression analysis, three genes (COL1AIL,
SEMA3C and SLC22A3) may associate with the metastasis
of PCa, but there was no significant statistical difference
based on the Bonferroni adjustment. However, The AUC
of the gene combination was 0.972 with a sensitivity of
100.00% and specificity of 90.16%, which was significantly
better than any candidate alone (P<0.05).

Overall, our research supports the application for the
molecular prediction for PCa patients who underwent RP

Transl Cancer Res 2018;7(6):1491-1500
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Figure 2 ROC curves of combined candidates. The combination ROC curve showed that the AUC of the combination group (AUC =0.972,
sensitivity =100.00% and specificity =90.16%) was significantly higher than any candidate gene alone (P<0.05). ROC, receiver operating

characteristic; AUC, area under curve.

Table 6 AUC comparison of the combination and single genes

Combination
Gene name 95% Cl
AAUC SE z P
Lower Upper

ALDH1A2 0.310 0.103 0.108 0.511 3.009 0.003
ANPEP 0.229 0.083 0.067 0.390 2.773 0.006
ANTXR2 0.275 0.077 0.123 0.427 3.554 <0.001
COL1A1 0.207 0.096 0.019 0.395 2.157 0.031
DPP4 0.251 0.110 0.035 0.467 2.281 0.023
MELK 0.235 0.068 0.102 0.367 3.466 0.001
PBK 0.209 0.057 0.097 0.322 3.650 <0.001
SEMA3C 0.219 0.093 0.036 0.402 2.345 0.019
SH3BGRL2 0.245 0.075 0.099 0.392 3.291 0.001
SLC22A3 0.111 0.040 0.032 0.189 2.773 0.006

AAUC = AUC (combination) — AUC (candidate gene). AUC, area under the curve.

to aid in the selection of optimal treatment. The strength
of this study was the candidate gene selection approach.
The candidate genes were chosen from the paired PDX
model tumor lines with different metastatic potentials,
which were derived from a single PCa patient. It excluded
the individual (different PCa patients) and tissue noises
(primary and metastatic lesions) (29). However, there were
several limitations in our study. First, retrospective research
has inherent limitations. Second, the total and metastatic
populations were relatively small. Finally, our observations
need to be validated in a Chinese PCa patient cohort. Thus,
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future multi-center and large population research needs to
be conducted to confirm our conclusions.

Conclusions

In summary, our findings suggest that the genomic
microarray tests could assist in the determination of
metastasis in high-risk PCa patients following a radical
operation, and could help urologists to determine which
optimal treatment approaches would benefit the prognosis
of the PCa patient.
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