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Abstract
Purpose  To identify a novel biomarker that can predict biochemical recurrence (BCR) after radical prostatectomy.
Methods  The gene expression profile of SAMD5 in prostate cancer was explored based on the oncomine database and The 
Cancer Genomic Atlas (TCGA). The follow-up information and clinical pathologic variables were extracted from the fol-
lowing cohort study: TCGA_prostate carcinoma. And then, survival analysis was conducted using the Kaplan–Meier plot 
and Cox’s proportional hazard regression model. Furthermore, another independent cohort study: Taylor prostate, was also 
acquired to validate the predictive effect of SAMD5 on BCR. In addition, the expression profile of SAMD5 in other cancer 
types was investigated using TCGA dataset.
Results  SAMD5 mRNA was shown to be up-regulated in multiple microarray datasets of prostate cancer with the strict 
statistic criteria: p < 0.01 and fold change ≥ 2. In TCGA_PCa cohort study, high expression of SAMD5 was a risk factor for 
patients on post-operative BCR (HR 2.181, 95%CI 1.199–3.966, p = 0.011) and this predictive ability was independent of 
Gleason score and pathologic T stage (HR 2.018, 95%CI 1.102–3.698, p = 0.023). In another validating cohort study, the 
statistic trend was similar, and the pooled analysis by combining the two cohort study further confirmed its prognostic effect.
Conclusion  SAMD5 mRNA was overexpressed in prostate cancer and had powerful prognostic ability on predicting post-
operative BCR, independent of Gleason score and pathologic T stage. Its high expression was associated with poor prognosis 
after RP.
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Abbreviations
BCR	� Biochemical recurrence
RP	� Radical prostatectomy
TCGA​	� The Cancer Genomic Atlas
GEPIA	� Gene expression profiling interactive analysis
TPM	� Transcripts per million
AJCC	� American Joint Committee on Cancer

Introduction

Prostate cancer is the second most frequently diagnosed 
cancer in males worldwide and its mortality is ranked fifth 
among males with tumor [1]. Radical prostatectomy (RP) 
is the principal therapy for localized prostate cancer. And 
approximately 30% of patients will undergo post-operative 
disease relapse, initially in the form of increased serum pros-
tate-specific antigen (PSA) value. Some patients with this 
biochemical recurrence (BCR) would progress to metastatic 
and resistant to androgen-deprivation therapy, known as 
lethal castration-resistant prostate cancer. Clinical variables 
such as Gleason score, serum PSA, TNM stage, and margin 
status have been applied in the prediction of BCR after RP 
[2]. Nevertheless, patients with the same clinical indicators 
evolved into diverse clinical consequences. Many groups 
devoted to developing molecular markers such as serum 
alkaline phosphatase [3] to enhance the predictive ability of 
clinical indicators. Although these researches were impres-
sive, their clinical application still needs further validation.
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In the Human Protein Atlas database [4], sterile alpha 
motif domain containing 5/SAMD5 was shown to be 
expressed in prostate cancer via Immunohistochemistry 
technology (supplementary materials: Fig. S1) and was 
recently reported to be engaged with EphA5 via SAM–SAM 
domain interaction and involved in Receptor Tyrosine kinase 
signaling [5]. Down-regulation of SAMD5 in small cell lung 
carcinoma cell lines was associated with inhibition of cell 
proliferation [6]. And in rectal cancer, the expression level 
of SAMD5 was shown to be associated with the response 
to chemo-radiotherapy [7]. These studies suggested that 
SAMD5 was relevant to tumorigenesis and development, 
and would probably be applied in clinical practice. How-
ever, the differential expression between prostate cancer and 
normal prostatic tissue and the clinical predictive effect of 
SAMD5 in prostate cancer have not been investigated.

In this study, we demonstrated that SAMD5 was overex-
pressed in prostate cancer and aberrantly expressed in other 
tumor types. Based on two cohort studies with follow-up 
data: The Cancer Genomic Atlas/TCGA [8] and Taylor pros-
tate dataset [9], SAMD5 was shown to be a useful indica-
tor to predict biochemical recurrence after radical prosta-
tectomy, and its high expression was associated with poor 
post-operative prognosis.

Materials and methods

Data acquisition and treatment

The differential expression analysis of SAMD5 between 
prostate cancer and normal prostate tissue was conducted 
using microarray data from the oncomine database [10] 
(https​://www.oncom​ine.org/resou​rce/login​.html). The 
RNA-sequencing data of The Cancer Genomic Atlas/TCGA 
dataset were available on the website of Gene Expression 
Profiling Interactive Analysis/GEPIA [11] (http://gepia​
.cance​r-pku.cn/index​.html). And the GEPIA online tool 
for differential expression analysis was easy to access and 
based on limma R page. The statistic significant criteria were 
set as p < 0.01 or adjusted p < 0.01 in the above database, 
respectively.

The clinical data and gene expression data of TCGA pros-
tate cancer dataset (up to Oct 19, 2018) were obtained from 
TCGA official website (https​://porta​l.gdc.cance​r.gov/). The 
downloaded data type of gene expression was fragments per 
kilobase of exon per million fragments mapped (FPKM), 
then this data type was converted to transcripts per million 
(TPM) by a bioinformatics engineer [12]. The exclusion cri-
teria of PCa patients were used as follows: (1) pathologic 
result is not prostate adenocarcinoma, (2) patients with clini-
cal data but not biochemical recurrence data, (3) patients 
whose vital clinical information involving American Joint 

Committee on Cancer (AJCC) TNM stage [13] is missed. At 
last, 345 patients, both having clinical data and gene expres-
sion data, were obtained in our study for survival analysis. 
Then Taylor dataset with information of gene expression 
profile, the clinical pathologic data, and follow-up data was 
downloaded from the cbioportal website [14, 15] (http://
www.cbiop​ortal​.org/datas​ets). And 139 patients were 
included in our study as shown in supplementary material.

Statistic analysis

Chi-square test was conducted in SPSS 23.0 and p < 0.05 
was considered of statistical significance. In survival anal-
ysis, Kaplan–Meier Curve method and univariable Cox’s 
proportional hazard regression model was applied for uni-
variable analysis, while the multivariable Cox regression 
model was used for multiple factor survival analysis. The 
test criterion was set as p < 0.05. The graphs were obtained 
in Graphpad prism 7.0.

The meta-analysis of hazard ratios (HR) was conducted in 
STATA/SE 15.0 for windows. χ2 and I2 were used to evaluate 
the statistical heterogeneity among the two cohort studies. 
Heterogeneity was considered low when I2 was less than 
50% and Pheterogeneity > 0.1 was deemed as no statistical sig-
nificance. Furthermore, Fixed effect model was applied to 
archive pooled HRs with 95%CI, when heterogeneity was 
lower than 25%. Otherwise, the random effect model was 
used if I2 was between 25 and 50%.

Gene ontology and functional enrichment analyses were 
performed in Metascape [16] (http://metas​cape.org/gp/index​
.html#/main/step1​).

Results

Aberrant expression of SAMD5 mRNA in prostate 
cancer

The differential expression of SAMD5 between prostate 
cancer and normal prostate tissue was investigated in the 
oncomine database. Under the threshold of p < 0.01 and Fold 
change ≥ 2, SAMD5 mRNA was found to be significantly 
up-regulated in 6 microarray datasets: Tomlins prostate [17], 
Varambally prostate [18], Lapointe prostate [19], Arred-
ouani prostate [20], Grasso prostate [21], and Luo prostate 
[22]. Two datasets with maximal sample size were chosen 
to exhibit the overexpression of SAMD5 in prostate cancer, 
as shown in Fig. 1. Besides, in Taylor prostate dataset which 
was used for survival analysis, SAMD5 was overexpressed 
with p = 8.31e–9 and fold change = 1.163, and the result in 
TCGA_PCa dataset explored with an online tool: GEPIA 
showed the similar aberrant overexpression of SAMD5 with 
adjusted p value = 5.66e–27 and log2 (fold change) = 1.005.

https://www.oncomine.org/resource/login.html
http://gepia.cancer-pku.cn/index.html
http://gepia.cancer-pku.cn/index.html
https://portal.gdc.cancer.gov/
http://www.cbioportal.org/datasets
http://www.cbioportal.org/datasets
http://metascape.org/gp/index.html#/main/step1
http://metascape.org/gp/index.html#/main/step1
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Patients characteristics

Two prospective cohort studies: TCGA_PCa and Taylor 
prostate were applied for survival analysis in this study. 
Patients characteristics are shown in Table 1. Forty-nine 
patients underwent post-operative biochemical recurrence 
in TCGA_PCa dataset, while in Taylor prostate dataset, the 
number was 35.

The relationship between the expression levels 
of SAMD5 and clinical pathologic parameters

Patients included in this study were divided into two 
groups: high expression group and low expression group 
according to their expression value of SAMD5 using the 
median as the cut-off point. As shown in Table 2, the 
χ2 test showed that there was no significant correlation 
between expression levels of SAMD5 and clinical patho-
logic parameters in TCGA_PCa dataset. The relationship 
between Gleason score, pathologic T stage, and expression 
levels of SAMD5 in Taylor prostate dataset still did not get 
statistical significance.

Predictive effect of SAMD5 expression 
on post‑operative BCR

In TCGA_PCa dataset, overexpression of SAMD5 mRNA 
in prostate cancer was associated with poor prognosis of 
BCR (Fig. 2a, HR 2.174, 95%CI 1.242–3.807, Log-rank 
test p = 0.0088). Besides expression level of SAMD5, 
Gleason score, pathologic T stage, and AJCC TNM Stage 
revealed their predictive ability on BCR in univariable 
survival analysis (all p < 0.05). All these predictive factors 
with statistical significance in univariable survival analysis 
were entered into multivariable Cox regression model by 
Forward stepwise strategy, and as shown in Table 3 the 
predictive ability of SAMD5 was independent of Gleason 
score and pathologic T stage.

In order to validate this predictive effect, the other pro-
spective cohort study with 138 patients was taken into the 
univariable and multivariable survival analyses. The result 
revealed that high expression of SAMD5 in prostate cancer 
was a risk factor of BCR for patients after RP (HR1.712); 
however, this did not get statistical significance (Fig. 2b; 
Table 3).

Fig. 1   Overexpression of 
SAMD5 in prostate cancer. a In 
Lapointe prostate dataset, dif-
ferential expression of SAMD5 
between normal prostatic tissues 
(n = 38) and prostate cancer 
(n = 62); b In Grasso prostate 
dataset, differential expression 
of SAMD5 between normal 
prostatic tissues (n = 28) and 
prostate cancer (n = 59); **rep-
resents p < 0.01
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Table 1   Clinical and pathologic characteristics of analyzed patients

Variables TCAG_PCa dataset 
numbers

Taylor prostate 
dataset num-
bers

Number of patients 345 138
Age at diagnosis/years: 

median (range)
62 (41–78) –

AJCC pathologic T stage
 T2 116 86
 T3 222 45
 T4 7 7

AJCC pathologic N stage
 N0 282 –
 N1 63 –

AJCC clinical M stage
 M0 343 –
 M1 2 –

AJCC TNM stage
 Stage II 116 –
 Stage III 162 –
 Stage IV 67 –

Gleason score
 < 7 18 41
 = 7 169 76
 > 7 158 21

Biochemical recurrence
 Yes 49 35
 No 296 103
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Meta‑analysis of predictive effect in two datasets

In light of the inconsistent results of predictive effect, 
we conducted a meta-analysis for the two cohort studies 
to increase sample size and statistic power. The pooled 
analysis of two studies with 483 patients revealed that high 
expression of SAMD5 in prostate cancer led to the argu-
mentation of the risk of post-operative BCR. The pooled 
Hazard ratio (Fig. 3a) of univariable Cox regression model 
was 1.96 (95%CI 1.25–3.09, p = 0.003) with extremely low 

heterogeneity (χ2 = 0.27, p = 0.602, I2 = 0.0%); Moreover, 
the pooled HR (Fig. 3b) of multivariable Cox regression 
model was also statistically significant (HR 1.74, 95%CI 
1.09–2.77, p = 0.019) with extremely low heterogeneity 
(χ2 = 0.56, p = 0.456, I2 = 0.0%).

In the section of sensitivity analysis, the pooled HRs 
kept constantly using the fixed effect model or random 
effect model (Fig. 3). Then we conducted another type 
of sensitivity analysis, removing a specific study and 

Table 2   the correlation between expression levels of SAMD5 and clinical pathologic parameters

*Represents Fish’s exact test

TCGA_PCa dataset Taylor prostate dataset

Low expression n (%) High expression n (%) χ2 p value Low expres-
sion n (%)

High expres-
sion n (%)

χ2 p value

Gleason score 4.517 0.104 3.813 0.149
 < 7 13 (7.6) 5 (2.9) 26 (37.1) 15 (22.1)
 = 7 86 (50.0) 83 (48.0) 34 (48.6) 42 (61.8)
 > 7 73 (42.4) 85 (49.1) 10 (14.3) 11 (16.2)

Pathologic T stage 1.194* 0.631 1.139* 0.642
 T2 62 (36.0) 54 (31.2) 46 (65.7) 40 (58.8)
 T3 106 (61.6) 116 (67.1) 20 (28.6) 25 (36.8)
 T4 4 (2.3) 3 (1.7) 4 (5.7) 3 (4.4)

Pathologic N stage 1.510 0.219 – – – –
 N0 145 (84.3) 137 (79.2)
 N1 27 (15.7) 36 (20.8)

TNM stage 1.555 0.460 – – – –
 Stage II 62 (36.0) 54 (31.2)
 Stage III 82 (47.7) 83 (48.0)
 Stage IV 28 (16.3) 36 (20.8)

Age at diagnosis 2.784 0.095 – – – –
 ≤ 62 83 (48.3) 99 (57.2)
 > 62 89 (51.7) 74 (42.8)
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Fig. 2   The predictive effect of SAMD5 expression level on post-operative BCR in TCGA_PCa dataset and Taylor prostate dataset
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Table 3   Univariable and 
multivariable cox regression 
analyses of SAMD5 for BCR-
free survival

*Statistical significance p < 0.05

TCGA_PCa dataset Taylor prostate dataset

HR (95%CI) p value HR (95%CI) p value

Univariable cox regression model
 SAMD5 (low or high expression) 2.181 (1.199–3.966) 0.011* 1.712 (0.861–3.404) 0.125
 Gleason score (< 7, = 7, or > 7) 2.877 (1.595–5.191) < 0.001* 7.361 (4.025–13.463) < 0.001*
 Pathologic T stage (T2, T3 or T4) 2.914 (1.596–5.319) < 0.001* 3.329 (2.052–5.402) < 0.001*
 Pathologic N stage (N0 or N1) 1.552 (0.823–2.929) 0.175 – –
 TNM Stage (stage II, III, or IV) 1.832 (1.235–2.719) 0.003* – –
 Age at diagnosis 1.144 (0.653–2.004) 0.638 – –

Multivariable Cox regression model
 SAMD5 (low or high expression) 2.018 (1.102–3.698) 0.023* 1.411 (0.686–2.899) 0.349
 Gleason score (< 7, = 7, or > 7) 1.947 (1.023–3.705) 0.042* 5.581 (2.880–10.815) < 0.001*
 Pathologic T stage (T2, T3 or T4) 2.282 (1.142–4.563) 0.020* 1.994 (1.113–3.569) 0.020*

Fig. 3   The meta-analysis of 
predictive effect in two cohort 
studies. a The HRs calculated 
from univariable Cox regres-
sion model in two datasets were 
pooled together. b The HRs 
calculated from multivariable 
Cox regression model in two 
datasets were pooled together. 
The variables entering into the 
model were expression level of 
SAMD5 (high or low expres-
sion), Gleason score (< 7, 7, 
or > 7), and pathologic T stage 
(T2, T3 or T4). I–V method 
represents the fixed effect 
model, while the D + L method 
represents the random effect 
model
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calculating the pooled HRs of the remaining study. The 
result (Fig. S2) revealed that the pooled HRs were stable 
too.

Gene ontology (GO) and functional enrichment 
analyses of SAMD5

The GO and functional enrichment analyses using Metas-
cape showed that SAMD5 was involved in mitogen-activated 
protein kinase (MAPK) signaling pathway and can positively 
activate JNK kinase (Table 4).

Aberrant expression of SAMD5 in multiple cancer 
types

The pan-cancers analysis using GEPIA online tool with test 
criterion of adj. p < 0.01 revealed that compared with adja-
cent normal tissues, SAMD5 was overexpressed in prostate 
cancer and Stomach adenocarcinoma, while it was down-
regulated in bladder urothelial carcinoma, breast invasive 
cancer, cervical squamous cell carcinoma and endocervical 
adenocarcinoma, cholangiocarcinoma, head and neck squa-
mous cell carcinoma, kidney renal clear cell carcinoma, 
kidney renal papillary cell carcinoma, liver hepatocellular 
carcinoma, lung adenocarcinoma, lung squamous cell car-
cinoma, thyroid carcinoma, and uterine corpus endometrial 
carcinoma (Fig. 4).

Discussion

In present clinical practice, the indication for post-operative 
adjuvant therapy was confined to pathological TNM staging 
as pT3 and pN+, positive surgical margins, and Gleason 
score ≥ 7 [2]. However, some patients without these signs 
still developed to BCR. The risk stratification needs to be 
updated.

In this study, we demonstrated the striking overexpres-
sion of SAMD5 in prostate cancer using microarray data and 
RNA-seq data (Fig. 1). Secondly, the association of expres-
sion level of SAMD5 and clinical pathologic parameters was 
explored and the result showed that they had no apparent 

correlation. Table 2 also shows the baseline characteristics 
of the two groups: Low expression group and high expres-
sion group. And Chi-square test evaluates covariates balance 
between these two groups. There are no obvious covariates 
imbalance between two groups. To investigate the predictive 
effect of SAMD5 expression level on post-operative BCR, 
these variables including Gleason score, pT, pN, and TNM 
stage were taken into Cox regression model using TCGA 
follow-up data, and the result revealed that the expression 
level of SAMD5 can robustly predict BCR after RP, and 
its predictive effect was independent of Gleason score and 
pathologic T stage. Then, to validate its predictive effect, we 
found another post-operative cohort study: Taylor prostate 
dataset and Cox regression analysis showed that high expres-
sion of SAMD5 was a risk factor on BCR. Unfortunately, it 
did not get statistical significance (Table 3).

In view of the similar statistical trend, we further con-
ducted a meta-analysis to increase sample size and test 
power. We performed literature search in PubMed, Web 
of Science, and Cochrane Library with the following strat-
egy: (SAMD5 OR Sterile Alpha Motif Domain Containing 
5) AND (prostatic neoplasms OR prostate cancer) by the 
time up to November 1, 2018. No previous study about this 
issue was found showing the innovation of our research. The 
pooled HRs originated from univariable and multivariable 
Cox regression models exhibited that high expression of 
SAMD5 in prostate cancer was a powerful predictive indi-
cator on prognosis after RP, and this effect was independent 
of Gleason score and pathologic T stage.

The molecular function of SAMD5 remains largely 
unknown. Previous studies mostly based on cell lines and 
their results were inconsistent. Different from small cell lung 
carcinoma cell lines [6], Tomoki Yagai et al. [23] reported 
that knockdown of SAMD5 in cholangiocarcinoma cell 
lines led to enhancement of cell proliferation. Our result 
in the tissue level suggested that the expression profile in 
tumor tissues was heterogeneous (Fig. 4) and indicated 
that SAMD5 may play diverse function depending on the 
cell type. A recent research reported that SAMD5 was 
engaged by EphA5 via SAM–SAM domain interaction and 
involved in Receptor Tyrosine kinase signaling [5]. Our 
findings (Table 4) did not contradict the previous result. 

Table 4   GO and functional 
enrichment analyses of SAMD5

Category Term Description

GO:0043507 Biological Process (BP) Positive regulation of JUN kinase activity
GO:0043506 BP Regulation of JUN kinase activity
GO:0046330 BP Positive regulation of JNK cascade
GO:0031435 Molecular function (MF) Mitogen-activated protein kinase kinase 

kinase binding
GO:0019901 MF Protein kinase binding
GO:0019900 MF Kinase binding
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MAPK signaling is part of the downstream of RTK sign-
aling [24], the functional enrichment findings of SAMD5 
binding to MAPK signaling proteins and positively acti-
vating JUN kinases/JNK may offer a new clue for further 
research on SAMD5. However, the precise mechanism of 

SAMD5 in prostate cancer is still unknown and needs fur-
ther investigation.

Finally, some limitation of our research should be taken 
into account. Firstly, the differential expression of SAMD5 
protein between prostate cancer and normal prostatic tissue 
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KIRC
(num(T)=523; num(N)=72)

KIRP
(num(T)=286; num(N)=32)

LIHC
(num(T)=369; num(N)=50)

LUAD 
(num(T)=483; num(N)=59)

LUSC
(num(T)=486; num(N)=50)
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Fig. 4   Aberrant expression of SAMD5 in multiple cancer types. Left 
box in a specific tumor represents tumor group (T), while the right 
box represents normal group (N). BLCA bladder urothelial carci-
noma, BRCA​ breast invasive carcinoma, CESC cervical squamous 
cell carcinoma and endocervical adenocarcinoma, CHOL cholangio 
carcinoma, HNSC head and neck squamous cell carcinoma, KIRC 

kidney renal clear cell carcinoma, KIRP kidney renal papillary cell 
carcinoma, LIHC liver hepatocellular carcinoma, LUAD lung adeno-
carcinoma, LUSC lung squamous cell carcinoma, PRAD prostate 
adenocarcinoma, STAD stomach adenocarcinoma, THCA Thyroid 
carcinoma, and UCEC Uterine Corpus Endometrial Carcinoma. 
*Represents p < 0.01
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and the exact molecular mechanism of SAMD5 in prostate 
cancer had not been investigated in our study. Secondly, the 
predictive effect of SAMD5 on prognosis after RP should 
be validated in another prospective clinical trial. Thirdly, the 
ethnic composition of the population in the TCGA database 
was mainly white and black; hence, whether our findings in 
the study could be extrapolated to other ethnicities remain 
unclear.

Conclusion

SAMD5 mRNA was strikingly overexpressed in prostate 
cancer and had powerful predictive ability on predicting 
post-operative BCR, independent of Gleason score and 
pathologic T stage. High expression of SAMD5 mRNA in 
prostate cancer was associated with poor prognosis after RP.
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