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It is urgently required to explore the clinical relevance of TMEM45B expression and Prostate cancer (PCa), and deter-
mine the predictive significance of TMEM45B as a biomarker for PCa patients. Patient-derived xenograft (PDX) models 
were developed for PCa with different metastatic potential (LTL-418, LTL-313B, LTL-313H and LTL-331). The gene expres-
sion microarray of LTL-313H and LTL-313B which derived from a single PCa patient was performed to identify the candi-
date biomarker gene, TMRM45B. MSKCC and TCGA PCa patient cohorts were introduced to analyze the clinical signifi-
cance of TMEM45B expression. Quantitative Real-Time PCR (qRT-PCR) revealed that there was a significant increase 
of TMEM45B expression in the LTL-313H and LTL-331 high metastatic potential tumor lines compared to the LTL-418, 
LTL-313B low metastatic potential tumor lines. In the MSKCC PCa cohort, the mRNA level of TMEM45B in patients 
with metastasis was significantly higher than that in primary PCa (p=0.001) and benign prostate hyperplasia patients 
(BPH) (p<0.001). In addition, the increased TMEM45B expression positively related with higher possibility of biochemical 
recurrence (p=0.016), distant metastasis (p<0.001) and overall patient survival (p=0.07). Moreover, TMEM45B expression 
was considered an independent risk factor for metastasis of PCa based on multivariate logistic regression; where Kaplan-
Meier analysis showed that patients with elevated TMEM45B had a shorter biochemical recurrence free survival (RFS). In 
addition, the primary PCa patient subgroup analysis revealed significant association between TMEM45B expression and 
clinical features, where cases with elevated TMEM45B were more likely to develop metastasis compared to those without 
it in the N0 primary PCa patient cohort (p=0.010) (Table 3). The primary PCa patient cohort TCGA was used to validate 
the results, and an obvious relationship was found between TMEM45B and PCa clinical characteristic (T/N stage, Gleason 
score, Recurrence/Progression). Furthermore, a significant poor disease free survival (DFS) was established in high-level 
TMEM45B patients compared to those with low levels (p=0.007). The combined results indicate that increased TMEM45B 
expression appears significantly associated with prostate carcinoma progression and metastasis, and this provides a new 
prognostic biomarker for predicting metastatic potential in PCa patients; especially those with primary PCa.
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With an estimated 161,360 newly diagnosed patients 
and 26,730 deaths in the United States in 2017 [1], prostate 
cancer (PCa) has a significant impact on society and is a 
major clinical challenge. In China, PCa had a great increase 
in incidence due to increasing westernized lifestyle, despite 
the gradual implementation of prostate-specific antigen 
(PSA) screening and improved biopsy techniques. It is 
estimated that approximately 60,300 cases were newly 
diagnosed as PCa there, and that 26,600 would die from 
PCa in 2015. Localized PCa is highly manageable using 
curative treatment such as definitive radical prostatectomy 

(RC) or radiotherapy techniques, but it is estimated that up 
to a fifth of patients experience recurrence after curative 
treatment [2]. Although first-generation androgen depri-
vation therapies are widely used in advanced or recurred 
PCa, the disease progresses after a varied quiescent period 
into castrate-resistant PCa (CRPC) and metastatic PCa; and 
this is considered both inevitable and incurable [3]. There-
fore, it is urgently required to discover new aggressiveness/
metastasis-related biomarkers for patient stratification and 
earlier effective treatment to improve the oncological and 
survival outcomes.
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PCa metastasis require a complex series of biological 
changes and it is also affected by a variety of risk factors [4]. 
One of the obstacles to studying cancer metastasis is cancer 
heterogeneity. To overcome this hurdle we transplanted 
tumor tissues derived from different biopsy sites of a single 
PCa patient into the subrenal capsule site of NOD-SCID 
mice and developed multiple patient-derived xenograft 
(PDX) models with different metastatic ability (LTL-313 
series model) [5]. The xenograft tumor lines preserve the 
characteristics of their parental tumors and have varying 
metastatic ability in vivo, so they therefore provide a valuable 
tool for studying the underlying PCa metastasis mechanisms 
and discovering novel predictive biomarkers [5, 6].

Herein, we identified TMEM45B as a potential candi-
date biomarker gene associated with PCa metastasis by 
comparing gene expression analysis in the high-LTL-
313H metastatic potential PDX model and the LTL-313B 
low-metastatic potential model. TMEM45B is a member of 
the trans-membrane proteins gene family (TMEM) which 
encodes different cellular membrane proteins [7, 8]. While 
varied TMEM protein expression has been observed in the 
following cancers; breast [9, 10], renal [11], ovarian [12], 
lung [13] and liver [9], the function of the TMEM proteins, 
especially TMEM45B, in PCa remains unclear. This current 
study investigated the expression levels of TMEM45B in 
multiple PCa tumor/cell lines and validated its correla-
tion with clinical biological behavior. This demonstrated 
TMEM45B’s potential for predicting aggression/metastasis 
in primary PCa patients.

Materials and methods

Chemicals, solvents and solutions were obtained from 
Sigma-Aldrich (Oakville, ON, Canada) and human LNCaP, 
C4-2, 22Rv-1and VCaP PCa cell lines were obtained from the 
American Type Culture Collection (ATCC). 

 Development of PDX models. PCa tumor tissues were 
cut into small cubes (3 by 3 by 1mm3). These were then 
grafted under the kidney capsule of male NOD/SCID mice. 
The development of PDX models was as previously described 
[5], and the mice were bred in a specific pathogen–free (SPF) 
level facility in the Animal Resource Center (ARC) at the BC 
Cancer Research Centre. All animal operation followed the 
Canadian Council guidelines for Animal Care.

Histopathology and Immunohistochemistry. Prepa-
ration of paraffin-embedded tissue sections and routine 
H&E staining were performed as previously described [5]. 
Immunohistochemical (IHC) staining was according to 
manufacture protocol and the following rabbit polyclonal 
antibodies were used for immunohistochemistry; anti-AR: 
ABR, ant-PSA: Dako and anti-PTEN Cell Signaling 
Technology.

Gene expression microarray and data analysis. The gene 
expression microarray dataset of the LTL-313H vs LTL-313B 
xenograft tumor lines was normalized with Z-score trans-

formation. The candidate genes were chosen according to 
the gene expression difference of the low tumor lines, the 
fold change was set at FC>2.0 and there were 566 candi-
dates left. The microarray dataset of the two tumor lines was 
then compared by t-test to determine the significant over-
expressed candidates; and 81 genes showed significantly 
differential expression of LTL313H and LTL313B (p<0.05). 
Our literature search focused on candidates not previously 
reported in prostate cancer. Although the TMEM protein 
family is reported to have an important role in cancer carci-
nogenesis and metastasis in several tumor types, to the best 
of our knowledge it has not been studied in prostate cancer. 
Therefore, we focused on TMEM45B, and the gene expres-
sion microarray dataset is available on GEO: GSE41193.

Total RNA isolation and quantitative real-time PCR 
(qRT-PCR). Total RNA was isolated from cultured cells 
and tissues by TRIzol and qRT-PCR was performed with 
ViiA 7 Real-Time PCR system (Applied Biosystems, Foster 
City, CA). The TMEM45B primer sequences were: Forward 
primer, TTGGAACACCCGAATGGGAC, Reverse primer, 
GCATCTCGGCTCATTCCTCA. Reference gene GAPDH 
primer sequences were: Forward primer, CACCAGGGCTGC 
TTTTAA CTC, Reverse primer, GACAAGCTTCCC-
GTTCTCAG.

Clinical relevance and prognosis analysis. MSKCC [14] 
and TCGA [15] clinical data were obtained from the CBio 
Cancer Genomics Portal website, and the expression values 
of TMEM45B are presented in log2 median-centered inten-
sity [16]. The association of TMEM45B expression and 
clinical parameters in PCa patient cohort was assessed by 
Student t-test. Binary logistic regression assessed risk factors 
for PCa metastasis and PCa patient survival outcome were 
analyzed by Kaplan-Meier and the log-rank test. The signifi-
cant threshold level was p<0.05.

Results

H&E and IHC staining of low-metastatic LTL-313B and 
high-metastatic LTL-313H. H&E and IHC staining visual-
ized the pathological features of the single-patient deprived 
PDX model (LTL-313B and LTL-313H). H&E staining 
demonstrated similar histopathological features in both 
models and similar results were found for IHC staining of 
AR, PSA and PTEN in the two tumor lines. This is consis-
tent with the same-patient origin of the models. Interest-
ingly, PCa-xenograft tumor lung metastasis was observed 
in LTL-313H, but no metastases lesions were found in the 
LTL-313B tumor line (Figure 1).

Increased TMEM45B mRNA expression in metastatic 
PDX models and cell lines. The candidate gene was chosen 
because of the difference in LTL-313H/LTL-313B gene micro-
array in the tumor samples available on GEO: GSE41193 [5]. 
The normalized TMEM45B gene expression of LTL-313H 
and LTL-313B xenograft tumor lines is shown in Figure 2. 
RT-PCR investigated the TMEM45B expression of LTL-418, 
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LTL-313B, LTL-313H and LTL-331 tumor lines, revealing 
significant over-expression of TMEM45B in the LTL-313H, 
LTL-331 high-potential metastatic tumor lines compared 
to the LTL-418, LTL-313B low-potential metastatic lines 
(Figure 3A). In addition, the TMEM45B mRNA level of high-
invasive/metastatic potential cell lines (VCaP, C4-2, 22RV-1) 
was also higher than that in the LNCaP cell lines (Figure 3B).

Correlation of TMEM45B expression and PCa progress/
metastasis. To further validate the clinical relevance of 
TMEM45B expression and tumor biological behavior, the 
MSKCC PCa patient cohort was introduced to compare the 

TMEM45B expression level in benign prostate hyperplasia 
(BPH) and primary and metastatic PCa. Figure 3 highlights 
that TMEM45B expression in metastasis tumor was signifi-
cantly higher than in BPH (p<0.001) and primary PCa 
(p=0.001) (Figure 4).

Comparative analysis determined the correlation of 
TMEM45B expression and clinical characteristics, and 
this revealed that TMEM45B expression was increased in 
patients with PSA levels >10 ng/ml (p=0.034), pT stage≥T3A 
(p=0.011) and Gleason score ≥8 (p=0.001) (Table 1). In 
addition, the prognosis outcomes assessment showed signifi-

Figure 1. PDX model diagram and H&E/IHC staining of LTL-313B and LTL-313H (200×)
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Figure 2. TMEM45B expression of the xenograft tumor lines and cell lines.

cant association between TMEM45B and biochemical recur-
rence (p=0.016), distant metastasis (p<0.001) and overall 
mortality (p=0.07) (Table 1).

Finally, univariate and multivariate logistic regression 
established that Gleason score (OR=4.81, 95%CI=1.16–
19.95, p=0.030) and TMEM45B expression (OR=2.16, 
95%CI=1.05–4.45, p=0.037) were independent risk factors 
for metastasis of PCa in the MSKCC cohort (Table 2), 
and Kaplan-Meier analysis determined that TMEM45B 
was significantly associated with biochemical recurrence-
free survival (defined as the PSA level rebounding, RFS; 
Figure 5A; p=0.009).

Relevant TMEM45B expression and primary PCa 
clinical features. Subgroup analysis of primary PCa patients 
investigated the association of TMEM45B and clinical 
characteristics in the primary patient cohort; confirming 
that patients with PSA>10 ng/ml, Gleason score≥8 and T 
stage≥T3A had higher TMEM45B level than other patient 
groups. Furthermore, patients with elevated TMEM45B 
were more likely to develop metastasis than those without 
it in the N0 primary PCa patient cohort (p=0.010) (Table 
3). Patients with elevated TMEM45B also had a significantly 
poor biochemical recurrence-free survival than those in the 
control group (p=0.027) (Figure 5B).

The TCGA primary PCa cohort further validated that 
the relevant TMEM45B expression level was significantly 
different between the non-aggressive-tumor patients 
(T≤2C, Gleason≤7) and the aggressive-tumor group (T≥3A, 
Gleason≥8) (Table 4). Patients with high TMEM45 levels 
were more likely to develop lymph node metastasis (p=0.017) 
(Table 4), and increased TMEM45 was associated with poor 
disease-free survival (DSF) in the primary PCa cohort 
(Table 3, Figure 5C).

Discussion

PCa is a heterogeneous disease because some prostate 
carcinomas present indolent clinical behavior as low-malig-
nant tumors and others can possess the aggressive phenotype 
for fatal malignancies. Although prognosis-related clinical 
indicators such as Gleason score, TNM stage and prostate-
specific antigen (PSA) levels have been performed for 
practical decision making, confusion remains in the assess-

Table 1. The association of TMEM45B expression and clinical character-
istics of PCa in MSKCC.
Variable Value Mean SD p-value

PSA
≤10 8.60 0.78

0.034*
>10 8.97 1.03

pT stage
≤T2C 8.51 0.71

0.011*
≥T3A 8.85 0.86

Gleason Score
≤7 8.53 0.73

0.001*
≥8 9.15 0.92

BCR
positive 8.89 0.79

0.016*
negative 8.54 0.89

Met
Y 9.38 1.02

<0.001*
N 8.56 0.76

Death
Y 9.22 1.01

0.007*
N 8.64 0.83

pT stage: pathological stage BCR: biochemical recurrence, Met: metastasis 
Gleason score: five distinct glands growth patterns of PCa were described 
to predict the tumor behavior, PCa with a low Gleason score are less likely 
to show aggressive behavior.

Table 2. Univariate and Multivariate analyses of PCa metastasis in MSKCC. 
Univariate Multivariate

OR
95%CI

p-value OR
95%CI

p-value
Lower Upper Lower Upper

Age 1.04 0.99 1.08 0.121
PSA 1.03 1.01 1.06 0.012 1.01 1.00 1.03 0.054
pT stage* 5.38 1.81 16.02 0.003 68.21 0.50 9298.04 0.092
Gleason score# 14.35 5.04 40.85 0.000 4.81 1.16 19.95 0.030*

TMEM45B 2.84 1.72 4.69 0.000 2.16 1.05 4.45 0.037*

*pT stage was divided into two groups(pT≥T2C vs pT≤T2B) # Gleason score was re-grouped as G>8 vs G≤ 8.
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Figure 3. The normalized gene expression of TMEM45B of the two tumor lines.

Table 3. The association of TMEM45B expression and clinical character-
istics of Primary PCa in MSKCC.

Variable Value Mean SD p-value

TMEM45B 
expression of 
primary PCa

PSA
≤10 8.51 0.74

0.040*
>10 8.84 0.83

pT stage
≤T2C 8.49 0.70

0.040*
≥T3A 8.78 0.86

Gleason 
Score

≤7 8.52 0.72
0.007*

≥8 9.08 0.94
TMEM45B 
expression of 
N0 primary PCa

Met
Y 9.26 0.73

0.010
N 8.57 0.77

Figure 4. Expression of TMEM45B in BPH, primary and metastasis PCa 
patients. *BPH vs primary, #Primary vs Metastatic, ^ BPH vs Metastatic

ment of treatment options for the different PCa patients. It is 
therefore necessary to identify novel and efficient diagnostic 
and prognostic biomarkers for more reliable prediction of 
PCa; expecially for primary PCa.

Herein, we analyzed the microarray data of paired PDX 
models (LTL-313H and LTL-313B) and identified TMEM45B 
as a candidate associated with PCa aggressiveness and metas-
tasis. We demonstrated that elevated TMEM45B expression 
is significantly associated with aggressive status. In addition, 
PCa patients with increased TMEM45B had lower recur-
rence-free survival time and higher metastasis possibility, 
and this indicates that TMEM45B expression is an indepen-
dent risk factor for PCa metastasis. Most importantly, the 
primary PCa patient cohort with higher TMEM45B expres-
sion had aggressive phenotype, metastatic potential and poor 
RFS/DFS outcome; and these suggest that TMEM45B is a 
strong predictive biomarker for primary PCa.

TMEM proteins are reported to participate in many 
biological processes and in a variety of normal and tumor 
tissues. For example, 7 TMEM variants were found in 
kidney tumor tissues (TMEM213, TMEM61, TMEM30B, 
TMEM116, TMEM45B, TMEM22 and TMEM45A) [11]. 
Researchers have also observed significant deregulation 
of 10 TMEM variants in renal cell carcinoma (RCC), thus 
indicating the importance of the TMEM family in this 
pathogenesis. TMEM45B, which was first found in thermal 
aggregation in SDS-PAGE gels, has been demonstrated 
to be a valuable predictor for many malignancies [7]. In 
addition to the T. Wrzesiński et al. report that TMEM45B 
played an important role in the pathogenesis of RCC [11], 
TMEM45B is also reported to have a significant prognostic 
and predictive value in pathologic staging and histology 
grade and is therefore a standard clinical molecular marker 
in breast cancer [17]. Similarly, Zhao’s study illustrated 
that TMEM45B expression was significantly up-regulated 
and positively correlated with the cell cycle and migra-
tion pathways. This important role of TMEM45B was 
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The mechanism of TMEM45B promoting tumor progres-
sion and metastasis remains unclear. It is reported that 
TMEM45B down-regulation can arrest the cell cycle in the 
G1 phase to promote apoptosis. In contrast, apoptosis was 
induced when TMEM45B was over-expressed in pancre-
atic cell lines [8]. TMEM45B was also demonstrated to 
interact with the tubulointerstitial nephritisantigen (TINAG) 
involved in the FAK/PI3K/Akt-mediated apoptosis pathway 
in renal cell carcinoma. Moreover, TMEM45B is the miR-378, 
miR-422a and miR-483-5p co-target associated with organ-
confined diseases, and it determines the key hallmarks of 
non-small cell lung cancer [19]. The Paulo P’ prostate cancer 
study showed that TMEM45B was the common target of the 
ERG and ETV ETS transcription factors which frequently 
participate in genomic rearrangements in prostate carci-
nomas and can contribute to tumorigenesis and progression 
through various pathways [20–22]. Downstream molecular 
targets are of utmost importance in understanding the 
mechanism of tumor biology, and the specific mechanism of 
ETS-TMEM45B-mediated tumor progression in PCa there-
fore requires further investigation.

Conclusion 

The increased expression of TMEM45B is significantly 
associated with prostate carcinoma progression and metas-
tasis, and this provides a new prognostic biomarker for 
predicting metastatic potential in PCa patients, and especially 
in Primary PCa patients.

Figure 5. Survival analysis: A) Kaplan-Meier analysis of biochemical RFS 
of all PCa patients in MSKCC, B) Kaplan-Meier analysis of biochemi-
cal RFS among Primary patients in MSKCC cohort and C) Kaplan-Meier 
analysis of DFS among primary PCa patients in TCGA cohort.

Table 4.Th e association of TMEM45B expression and clinical character-4.Th e association of TMEM45B expression and clinical character-.The association of TMEM45B expression and clinical character-
istics of PCa in TCGA.

Variable Value Mean SD p-value

PSA  
(Most Recent Results)

≤10 –0.02 0.98
0.917

>10 0.04 0.82

T stage
≤T2C –0.23 0.74

<0.001*
≥T3A 0.11 1.09

Gleason Score (RC)
≤7 –0.12 0.81

0.007*
≥8 0.12 1.16

N stage
N0 –0.03 1.00

0.017*
N1 0.27 1.14

BCR
positive 0.10 1.12

0.477
negative –0.01 1001

Recurrence/
Progress

Y 0.21 1.18
0.014*

N –0.07 0.93

Death
Y –0.09 0.71

0.826
N –0.02 0.98

highlighted in pancreatic cancer carcinogenesis and metas-
tasis [8]. Our results are also supported by the suggestion 
that TMEM45B has important prognostic implications in 
tumor progression and metastasis. Moreover, the prognostic 
value of TMEM45B in primary carcinoma can be immedi-
ately applied to patients who undergo radical prostatectomy 
or biopsy, thus assisting in decision-making for subsequent 
treatment and follow-up planning [18].
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