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Supplemental Figures 

Fig. S1. Identification of TMPRSS2 as a mediator of androgen-induced prostate 

cancer cell invasion. A. Analysis of LNCaP cell (P33) migration upon the treatment of 

DHT and Bicalutamide at the indicated concentration by a transwell migration assay. B 

and C. Q-PCR analysis of the gene expression of TMPRSS2 and PSA (B), other 

membrane-anchored serine proteases, HAI-1, and HAI-2 (C), upon the treatment with 

DHT or bicalutamide in LNCaP cells (P33). After treatment for 18 h, total RNAs were 

prepared for Q-PCR with specific primers (Supplementary Table S1). The results 

showed that DHT could stimulate the expression of TMPRSS2 but not the other 

membrane-anchored serine proteases analyzed, an induction phenomenon similar to 

androgen-induced PSA expression. D. Immunoblot analysis of TMPRSS2 and PSA upon 

DHT or bicalutamide treatment at the indicated concentration, using an α-TMPRSS2 Ab 

(AL20) and an -human-PSA Ab. E. Analysis of LNCaP (P33) cell proliferation upon the 

treatment of DHT at the indicated concentration by MTT assays. F. Q-PCR analysis for 

the efficiency of TMPRSS2 knockdown in LNCaP cells (p36). The gene expression 

levels were analyzed using Q-PCR with a set of primers (Supplementary Table S1). The 

result showed that these two shRNAs (shTM2-1 and shTM2-2) significantly reduced 

TMPRSS2 mRNA levels up to 90%. G. Analysis of shLuc and shTM2-1 LNCaP (P39) 

cell proliferation upon the treatment of 10 nM DHT by MTT assays. 

 

Fig. S2. TMPRSS2 induced matriptase activation in prostate cancer cells. A. 

Q-PCR analysis of the expression of TMPRSS2, matriptase, and HAI-1 in stable clones 

of TMPRSS2-overexpressing LNCaP cells (TM2#1 and TM2#2)(P38), with specific 
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primers listed in the Supplementary Table S1. The results showed that two stable clones 

of LNCaP cells (TM2#1 and TM2#2) increased TMPRSS2 expression by approximately 

7.5 and 12 fold, respectively and TMPRSS2 overexpression had no significant effect on 

the expression of matriptase and HAI-1. B. Time-course analysis of the role of 

TMPRSS2 in the regulation of matriptase in doxycycline-inducible TMPRSS2 LNCaP 

cells (P38). LNCaP cells were transfected with TMPRSS2 plasmids (pcDNA6/TR 

inducible expression system) by Lipofetamine 2000 and selected with 3 g/ml blasticidin 

S for two weeks. Cells were treated with or without 1 g doxycycline to induce TMPRSS2 

expression for the indicated times. Cell lysates were harvested for western blot analysis 

to detect total matriptase, activated matriptase and exogenous TMPRSS2 using M24, 

M69 and anti-flag Abs, respectively. -actin was used as a control. The results showed 

that TMPRSS2 expression could induce matriptase activation in LNCaP cells. C. 

Examination of TMPRSS2 overexpression on matriptase in CWR22Rv1, PC-3 and C-81 

LNCaP cells (P100). The cells were transiently transfected with TMPRSS2 plasmids by 

Lipofetamine 2000. Forty-eight hours after transfection, cell lysates were harvested for 

western blot analysis with anti-flag, anti-TMPRSS2 (AL20), and M24 Abs. -actin was 

used as a control. The results showed that TMPRSS2 overexpression dramatically 

increased the activated levels of matriptase in those cells, suggesting that 

TMPRSS2-induced matriptase activation is a common phenomenon in prostate cancer 

cells. D. Effect of TMPRSS2 overexpression on the cell invasion of CWR22Rv1 cells. For 

analyzing the invasive capability of stable TMPRSS2-overexpressing CWR22Rv1 cells, 

cells were seeded at a density of 2x105 per Boyden chamber with Matrigel-coating and 

cultured for 40 h. The results were statistically calculated and represented as 
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mean±SEM from three independent experiments. E. Effect of TMPRSS2 overexpression 

on anchorage-independent growth of CWR22Rv1 cells. For analyzing anchorage- 

independent growth of stable TMPRSS2-overexpressing CWR22Rv1 cells, cells were 

plated at 5000 cells/well and cultured for 4 weeks. The colony numbers were counted, 

statistically calculated and represented as mean±SEM from three independent 

experiments. F. Analysis of specific role of TMPRSS2 in matriptase activation. shTM2-1 

LNCaP cells (p38) were transfected with TMPRSS2 plasmids by Lipofetamine 2000. 

After 48 h, cell lysate was extracted for western blot analysis with M24 and M69 mAbs. 

-actin was used as a control. The results showed that overexpression of TMPRSS2 in 

shTM2-1 LNCaP cells restored the activated levels of matriptase, suggesting that 

shTM2-1 has a specific role in TMPRSS2 silencing. 

Fig. S3. TMPRSS2 promoted matriptase activation and the shedding of matriptase 

and HAI-1 in PCa cells. A. Analysis of the role of TMPRSS2 in matriptase activation and 

shedding. Purified recombinant TMPRSS2 proteins (250 ng/ml) were added into shLuc 

and shTM2-1 LNCaP cells (P37) and incubated for 2 h. Lysates and media were used for 

western blot using M24 and M69 mAbs. -actin was used as a control. B. Analysis of the 

role of TMPRSS2 in HAI-1 expression and shedding. Purified recombinant TMPRSS2 

proteins (250 ng/ml) were added into shLuc and shTM2-1 LNCaP cells and incubated for 

2 h. Lysates and media were used for western blot using an anti-HAI-1 (M19) Ab. -actin 

was used as a control. C. Western blot analysis of TMPRSS2 in shLuc and shTM2-1 

LNCaP cells (P36) with or without 10 nM DHT treatment. The result showed that DHT 

dramatically induced the protein levels of TMPRSS2 in shLuc LNCaP cells with a less 

effect in shTM2-1 cells. D. Quantification of matriptase protein levels in shMTX-1 and 
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shMTX-2 LNCaP cells (Fig. 3B) using Image J software. This assay was performed in 

triplicate for statistical calculation and the results were expressed as means±SEM. ***, P 

< 0.001. E. Immunonlot analysis of TMPRSS2 expression in LNCaP, PC-3 and DU145 

PCa cells using an anti-TMPRSS2 (AL20) Ab. F. Analysis of the effects of 

TMPRSS2-degraded extracellular matrix on the matriptase in PC3 cells. PC3 cells were 

treated with rTMPRSS2 (200 ng), Matrigel (40 μg), or rTMPRSS2-pretreated Matrigel 

(200 ng rTMPRSS2 + 40 μg Matrigel) for 2 h. Forty micrograms of matrigel were 

pre-incubated with PBS or 200 ng of rTMPRSS2 protein at 37 ℃ for 1 hour, and then 

used for the treatment of PC3 cells. After the treatment, lysates were collected and used 

for western blot using M24 and M69 mAbs. -actin was used as a control. 

Fig. S4. Examination of the role of TMPRSS2 in the body weights of xenograft mice, 

the levels of total matriptase, Ki67 and laminin β1 in xenograft tumor tissues. A. 

Analysis of mouse body weights with shLuc and shTM2 LNCaP xenografts. After shLuc 

or shTM2 LNCaP cells were inoculated subcutaneously into the dorsal flank of mice, 

mouse body weights were monitored weekly, plotted and statistically calculated as mean 

± SEM. *, P < 0.05; **, P < 0.01. The result showed that the average body weight of 

shTM2 xenograft mice was significantly higher than that of shLuc xenograft mice. B. 

Immunofluorescence images of TMPRSS2 and matriptase in shLuc and shTM2 LNCaP 

xenograft tumor lesions. Tumor lesions were paraffin-embedded, sectioned and 

immunofluorescently stained with AL20 and M24 Abs to detect TMPRSS2 (red, upper 

panel) and total matriptase (green, middle panel). Merged images are shown in the 

bottom panel. Nuclei were counterstained with DAPI. Scare bar, 20 m. The 

immunofluorescent images showed that TMPRSS2 silencing reduced the levels of total 
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matriptase in LNCaP cells. C. Analysis of mouse body weights with PLKO, TMPRSS2 

and S441A TMPRSS2 LNCaP xenografts. PLKO (n = 6), TMPRSS2-overexpressing 

(TMPRSS2, n = 6) and S441A TMPRSS2-overexpressing (S441A, n = 4) LNCaP cells 

were inoculated subcutaneously into the dorsal flank. Mice were administered 25 mg/kg 

casodex, intraperitoneally, daily. Mouse body weights were monitored weekly, plotted 

and statistically calculated as mean ± SEM. The result showed that there was no 

significant difference in mouse body weights among these three groups of mice. D. 

Immunofluorescence staining of TMPRSS2 (red, upper panels) and matriptase (green, 

middle panels) in PLKO, TMPRSS2 and S441A TMPRSS2 LNCaP xenograft tumor 

lesions. Merged images are shown in the bottom panel. The results showed that 

overexpression of TMPRSS2 and S441A TMPRSS2 mutants had no significant effect on 

the protein levels of total matriptase in xenograft tumor lesions. E. Immunohistochemical 

staining of Ki67 in PLKO, TMPRSS2 and S441A TMPRSS2 LNCaP xenograft tumor 

lesions and statistical calculations. The result showed that TMPRSS2 but not its 

protease-null mutant (S441A) significantly increased the levels of Ki67 in the xenograft 

tumor lesions, suggesting that the protease activity of TMPRSS2 is required for 

TMPRSS2-enhanced tumor growth of prostate cancer. F. Western blot analysis of 

laminin β1 in the extracts of PLKO, TMPRSS2 and S441A TMPRSS2 LNCaP xenograft 

tumor lesions, using an anti-laminin β1 Ab. The result showed that TMPRSS2, but not its 

protease-null mutant (S441A) dramatically enhanced the degradation of laminin β1 in the 

xenograft tumor lesions. Arrow indicated the degraded laminin β1. G. TMPRSS2 

silencing reduced tumor growth in an orthotopic xenograft model. shLuc (n = 8) or shTM2 

(n = 7) LNCaP cells were introduced into the anterior prostates of SCID mice. After 16 
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weeks, mice were scarified, and tumor lesions were weighed, plotted and statistically 

calculated as mean ± SEM (right panel). *, P < 0.05. Tumor lesions from prostate 

(primary) are shown in left panel, respectively. H. Western blot analysis of PSA 

expression in the extracts of primary and metastatic tumor lesions from shLuc-Mice#1 

and normal mouse prostate tissues using an -human-PSA Ab. I. Analysis of shLuc and 

shTM2-1 LNCaP (P37) cell proliferation in a regular culture medium by MTT assays. 

 

Fig. S5. A. Representative photographs of immunohistochemical staining of TMPRSS2 

(TM2, upper panel) and activated matriptase (M69, bottom panel) in normal and prostate 

cancer tissues with moderate differentiation. Nuclei were counterstained with 

haematoxylin. B and C. Immunohistochemical analysis of TMPRSS2 and activated 

matriptase in different prostate cancer specimens. Three human prostate tissue arrays 

were purchased from US Biomax (Ijamsville, MD). The first array (catalog T195a) 

contained 9 cases of prostate adenocarcinoma and 2 normal prostate tissues; the 

second array (catalog PR751) contained 64 cases of adenocarcinoma and 11 cases of 

hyperplasia; the third array (catalog PR8010) contained 77 cases of adenocarcinoma, 1 

transitional cell carcinoma and 2 normal tissues. The expression levels of TMPRSS2 and 

activated matriptase in human prostate cancer specimens were analyzed by 

immunohistochemistry using AL20 (TMPRSS2), M24 (total matriptase) and M69 

(activated matriptase) Abs, and scored by two pathologists. The scores for each sample 

were obtained by an addition of the percentage (P) of tumour cells (0, < 10%; 1, 

10%-25%; 2, 25%-50%; 3, 50%-75%; 4, >75%), and the intensity (I) of staining (0, 

negative staining; 1, weak staining; 2, moderate staining; and 3, strong staining). B. 
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Box-whisker plots show the expression of TMPRSS2, activated matriptase and total 

matrptase in PCa tissues at different clinical stages: normal prostate tissue, well 

differentiated (Gleason scores 2-4), moderately differentiated (Gleason scores 5-6), 

intermediately differentiated (Gleason scores 7) and poorly differentiated (Gleason 

scores 8-10). A P value less than 0.05 was considered statistically significant. The 

results showed that compared to normal prostate tissues, the levels of TMPRSS2 

expression (left panel), activated matriptase (middle panel) and total matriptase (right 

panel) were significantly increased in the moderately differentiated or intermediately 

differentiated prostate cancer tissues while there was no difference in the 

poorly-differentiated tissues. The results indicate that the protein levels of TMPRSS2 

were correlated with the activated levels of matriptase in PCa tissues. C. Box-whisker 

plots show the expression of TMPRSS2 and activated matriptase in PCa tissues 

compared to normal prostate tissue, Tukey’s multiple comparison test was used to 

evaluate the differences in the immunohistochemical scores between normal group and 

cancerous group. A P value less than 0.05 was considered statistically significant. The 

results showed that compared to normal prostate tissues, the levels of TMPRSS2 

expression (left panel), activated matriptase (middle panel) and total matriptase (right 

panel) were significantly increased in prostate cancer tissues.  
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