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Abstract: Owing to the complexity of interacting molecular networks on the cell surface, integrin-associated 
tetraspanin CD151 remains controversial regarding its clinical importance and functional impact in prostate cancer. 
The current study evaluated dynamics and clinical importance of CD151 expression and its function in prostate 
cancer by IHC analysis of two independent patient cohorts (n=80, 181), bioinformatic interrogation of the TCGA da-
tabase, and evaluation of gene knockdown effect at the cellular level. Our data showed that aside from high mRNA 
expression, CD151 was primarily localized to intercellular junctions at the plasma membrane in normal prostate 
glands or benign tissues, regardless of nature of antibodies used. By contrast, in primary tumors from patients with 
metastatic disease, CD151 was largely localized in the cytosol. Furthermore, the level of the cell-cell junction-linked 
CD151 was inversely associated with Gleason grade and tumor stage (P<0.001 for both). The portion of primary tu-
mors expressing junctional CD151 was also three-fold less in the metastatic patient population than its counterpart 
(P<0.001). In line with these observations, CD151 and its associated α3β1 or α6β4 integrin inversely correlated 
with androgen receptor (AR) at the mRNA level (Spearman coefficient: -0.44, -0.48 and -0.42) in the TCGA cohort. 
Expression of these adhesion molecules also correlated with DNA methylation in their promoters (Spearman coef-
ficient: -0.37, -0.71 and -0.82). Combined, these data suggest that CD151 and associated integrins are linked to 
tumor metastasis through AR and the epigenetic program. Meanwhile, CD151 knockdown in E-cadherin-positive 
tumor cells led to increased cell proliferation and induction of the epithelial-mesenchymal transition (EMT)-like 
phenotype. Given the strong RGD-binding integrin dependence of EMT-featured tumor cells, we examined focal 
adhesion kinase (FAK), their key signaling effector, in the above patient cohorts. In contrast to CD151, FAK exhibited 
positive correlation with tumor grade and stage as well as AR and p53 inactivation at either mRNA, protein or ge-
nomic level. Taken together, our results suggest that CD151 represses prostate cancer by antagonizing cell prolifera-
tion, EMT and the signaling of RGD-binding integrins. Since this anti-tumorigenic role is prone to the AR-mediated 
transcriptional and epigenetic regulation, CD151 and possibly α3β1 and α6β4 integrins are of potential biomarkers 
for metastatic prostate cancer.    
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Introduction

Despite advances in targeted therapies, pros-
tate cancer remains one of the deadliest dis-
eases among men world-wide [1]. Extensive 

genome-wide studies have revealed that pros-
tate tumors undergo a wide range of aberrant 
molecular changes at genetic, somatic, and epi-
genetic levels throughout disease onset and 
progression [2-5]. Thus, there is still an unmet 
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need for precisely defining molecular regulators 
of prostate cancer to facilitate development of 
personalized targeted therapies. 

Multiple members of the tetraspanin family, in- 
cluding CD9, CD81, CD82, TSPAN1 and CD151, 
exhibit aberrant expression during prostate 
tumor progression and metastasis [6-9]. Of 
particular interest is that CD82 and CD9 are 
strongly implicated as suppressors for meta-
static prostate cancer [10, 11]. This notion 
largely stems from studies comparing expres-
sion of these tetraspanins between primary 
and metastatic tumors [12-14]. Mechanistically, 
these integral membrane proteins appear to 
modulate cytoskeletal remodeling, intracellular 
signaling, and associated cell motility and inva-
sion through their molecular partners such as 
EWI-2 or laminin-binding (LB) integrins, and 
particularly the α6β1 integrin [10, 15, 16]. 

In contrast to CD9 and CD82, tetraspanin 
CD151 is largely regarded as a driver of pros-
tate cancer malignancy in the majority of pub-
lished studies [8]. In an early IHC-based study, 
CD151 expression in prostate tumors was 
found to correlate with Gleason grade and poor 
clinical outcomes [17]. Recent experimental 
analysis also showed that CD151 deletion led 
to a decrease in lung-oriented tumor metasta-
sis in the TRAMP model, an atypical mouse 
model for recapitulating development of neuro-
endocrine prostate cancer [18]. This pro-malig-
nant function appears independent of the lam-
inin-binding (LB) integrin-mediated signaling 
[19]. However, there is also growing evidence 
that CD151 is a multifaceted mediator of hu- 
man cancer development and progression, par-
ticularly for epithelial-origin tumors such as 
bladder, breast, colon, endometrial and ovarian 
cancers [20-26]. This notion is supported by 
the ability of CD151 to stabilize cell-cell adhe-
sion and to sequester the signaling of the 
HIPPO or Wnt pathways [27-29]. Given these 
conflicting observations on CD151 in prostate 
cancer and other epithelial-origin carcinomas, 
there is a particular need for more studies in- 
vestigating its expression across different stag-
es of carcinogenesis and clinical progression.  

Here we critically examined the link between 
CD151 expression and prostate cancer malig-
nancy. To gain unbiased evidence, our IHC anal-
ysis was conducted with two distinct monoclo-
nal antibodies and two independent patient 

cohorts. Differences in CD151 expression bet- 
ween tumor stages and grades were systemati-
cally analyzed with respect to staining intensity 
and subcellular localization. Furthermore, both 
TCGA and local patient cohorts were investigat-
ed regarding the association between CD151/
α3β1/α6β4 integrin complexes and AR status, 
as well as the RGD-binding integrin/FAK-de- 
pendent signaling. Finally, the functional role of 
CD151 in E-cadherin-positive prostate tumor 
cells was assessed with multiple hairpin shRNA 
or RNAi oligos. Overall, our data supports a con-
text-dependent role of CD151 in prostate can-
cer and challenges the current unidirectional 
view of CD151 function and signaling during 
disease progression. 

Materials and methods

Cell lines and antibodies

Human prostate cell lines, including BPH, 
22RV1 and PC-3, were obtained from ATCC 
(Gaithersburg, MD). Cells were cultured in RPMI 
1604 or DMEM (Invitrogen) medium supple-
mented with 5-10% FBS (Sigma-Aldrich, St; 
Louis, Mo) at 37°C and 5% CO2. All cell lines 
were periodically examined by PCR for My- 
coplasma contamination [30]. The sources of 
antibodies and chemical inhibitors are des- 
cribed in a prior study [31]. The CD151 antibod-
ies used for IHC staining included NCL-CD151 
from Leica (Buffalo Grove, IL) and 11G5A from 
Abcam (Cambridge, MA). The 5C11 and 1A5 
monoclonal antibodies used for FACS analysis 
and immunoblotting were raised in house or 
purchased from BioLegend (San Diego, CA). 
The IHC-oriented anti-α3 integrin antibody was 
obtained from Sigma (St. Paul, MS). The D23 
clone of rabbit anti-α3 integrin cytoplasmic tail 
was generated in-house [20]. The antibodies 
against pY416-Src or pY397 and total FAK were 
obtained from Cell Signaling Technology (Dan- 
ver, MA) and Santa Cruz Biotechnology (Santa 
Cruz, CA), respectively. The chemical inhibitors, 
including VS-6063, Dasatinib and ICG001, 
were purchased from Sellechem (Houston, TX).

Transfection and expression of open reading 
frame constructs siRNA oligos and shRNA

The siRNA oligos of CD151 and α3 integrin 
were obtained from Cell Signaling Technology 
and Dharmacon (Boulder, CO). Cell transfection 
with siRNA oligos or DNA constructs was con-
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ducted using Lipofectamine 2000 (Thermo- 
Fisher, Waltham, MA). The stable knockdown of 
CD151 was carried out using pLKO lentiviral 
infection [31] or GIPZ vector from Dharmacon 
(Denver, CO). 

Analyses of cellular functions and signaling

Cell viability and proliferation were analyzed 
with the MTT assay and counting of cell number 
microscopically as previously described [31]. 
For immunoblotting analysis of CD151 expres-
sion, tumor cells were lysed in RIPA buffer sup-
plemented with protease inhibitors, followed by 
detection of CD151 proteins in 1A5 monoclo-
nal antibody (BioLegend) under non-reducing 
and non-boiled condition and the Supersignal 
Chemoluminescence kit (Thermo-Fisher, Wal- 
tham, MA). 

Construction and IHC analysis of TMAs of lo-
calized prostate tumors 

Paraffin-embedded tissue blocks were selec-
tively cored from prostatectomy specimens 
from 165 patients with prostate cancer and 34 
patients with benign tumors for constructing a 
tissue microarray (TMA) through the Markey 
Cancer Center Biospecimen and Tissue Pro- 
curement Shared Resource, University of Ken- 
tucky (Lexington, Kentucky). Approval for use  
of human prostate tissue was obtained from 
the University of Kentucky Institutional Review 
Board. Tissue cores (2 mm) containing cancer-
ous tissues, adjacent benign epithelial tissues, 
or benign prostatic hyperplasia (BPH) was used 
for the construction of tissue microarrays wi- 
th duplicate cores from each patient. A single 
Gleason Grade was designated to each core 
prospectively during TMA construction by a sin-
gle reviewer (PJH). Pathologic stages were 
obtained from retrospective review of patholo-
gy reports. Clinical outcomes data were ob- 
tained from retrospective chart review and 
Kentucky Cancer Registry outcomes data. Addi- 
tionally, a commercial TMA harboring prostate 
tumors was obtained from US Biomax, Inc 
(Derwood, MD).

TMA slides were deparaffinized in a 60°C oven 
for 1 hour and heat-induced epitope retrieval 
was performed using a digital decloaking cham-
ber (BioCare Medical, Concord, CA) for 20 min-
utes at 110°C in 1.0 mM EDTA (pH=9.0). Im- 
munoreactivity was determined based on 

“Quick Score” calculated by multiplying staining 
intensity (on a scale of 1-3) by percentage of 
tumor cells with positive immunoreactivity by 
two blinded reviewers. The subcellular localiza-
tion of CD151 proteins was stratified as “dif-
fuse” or “cell-cell junction” pattern, which were 
defined as equal distribution of cytosolic and 
plasma membrane staining or predominant 
plasma membrane staining concentrated at 
areas of intercellular interactions.

Bioinformatic and statistical analyses  

The Cancer Genome Atlas (TCGA) prostate can-
cer dataset (Cell, 2015) was interrogated for 
mRNA expression of relevant genes in human 
prostate tumors. The results shown are based 
upon data generated by the TCGA Research 
Network: http://cancergenome.nih.gov/. The 
Chi-Square test and two-tailed T-tests with 
Welch’s correction for unequal sample size 
were used to evaluate differences in subcellu-
lar localization of CD151 or FAK proteins in pri-
mary tumors and associated clinical outcomes. 
The statistical significance of differences was 
set at P<0.05.

Results

Expression of CD151 in primary tumors from 
independent patient cohorts

To evaluate the clinical link between CD151 
and human prostate cancer, NCL-CD151, a 
widely used CD151-specific monoclonal anti-
body [20, 32, 33], was adopted for IHC analysis 
of a TMA harboring 80 individual patient cores. 
As shown in Figure 1 and Table 1, CD151 was 
strongly localized to cell-cell junctions in non-
neoplastic tissues. The intensity of this inter- 
cellular distribution exhibited a decrease with 
increasing tumor stage and grade (P<0.001 for 
both). By comparison, the cytoplasmic fraction 
of CD151 protein was elevated in tumors at 
advanced stages. Furthermore, CD151 expres-
sion was independently examined with an inde-
pendent TMA, which was constructed at the 
University of Kentucky with 181 unique pros-
tate tumor cores. The 11G5A antibody (Abcam) 
was utilized for this TMA analysis since it recog-
nizes the total pool of CD151 in tumor cells, 
irrespective of engagement with LB integrins or 
other partners [34]. As shown in Figure 2 and 
Table 2, CD151 was similarly localized to inter-
cellular junctions at the plasma membrane in 



CD151 suppresses prostate cancer

1431 Am J Transl Res 2020;12(4):1428-1442

benign tissues, but this specificity decreased 
with advanced stage and grade tumors. It was 
also accompanied by increased cytosolic stain-
ing in tumor tissues. In line with these observa-
tions, CD151 is strongly expressed at the mRNA 
level in normal prostate glands or benign tis-
sues, according to our interrogation of the 
Oncoming database (data not shown). Coll- 
ectively, our two parallel analyses reveal an 
inverse association between the intercellular 
expression of CD151 at cell-cell contact points 
and tumor progression in prostate cancer, 
regardless of antibody epitope.

The clinical link between CD151 and meta-
static progression

We subsequently examined the clinical link 
between CD151 and prostate tumor metasta-
sis. The portion of diffuse staining of CD151 
was significantly higher in primary tumors from 
pT stage- and grade-matched patients with 
known lymph node (pN+) or distant metastatic 
disease compared to those with organ-confined 
diseases in the Bio-max cohort (Figure 3A, 
P<0.0001 and <0.006, respectively) or the lo- 
cal patient cohort (Figure 3B, P<0.0001 for 

Figure 1. Profiling CD151 expression in a commercial prostate cancer TMA patient cohort (N=80). Tissue was stained 
for CD-151 with the 11G5a monoclonal antibody (Abcam). A. Representative image of diverse CD151 staining pat-
terns in primary tumors (100×). B. Subcellular localization of CD151 stratified by Gleason grade (a) and tumor stage 
(b). IHC imaging are representative of staining patterns and intensity by stage/grade. Percentages of diffused (filled 
bar) or cell-cell adhesion (hashed bar) were plotted against each of Gleason grades and tumor stages. Differences 
between groups were assessed using the Chi-Square analysis and p-values were indicated. 
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both). In contrast, the cell-cell junctional stain-
ing of CD151 exhibited a concomitant decrease 
in the group of patients with local or distant 
metastases in both cohorts. Combined, these 
data demonstrate that CD151 expression is 
altered in advanced prostate cancer, character-
ized by a marked shift from cell-cell junctional 
pattern towards diffuse and cytosolic locali- 
zation. 

Furthermore, we evaluated the link between 
CD151 and prostate cancer malignancy at the 
genomic level by interrogating the TCGA datas-
et (Cell, 2015). As shown in Figure 4A, there 
was lack of apparent association between 
CD151 and Gleason grade at the mRNA level, 
in contrast to its protein expression (Figures 1, 
2). The expression of CD151 mRNA, however, 
appeared inversely associated with mRNA 
expression of AR, a key oncogenic driver of 
prostate carcinogenesis (Figure 4Ab). In line 
with this observation, there was a strong 
inverse association between CD151 and de- 
gree of methylation of its promoter region 
(Figure 4Ac). Meanwhile, CD151 was positively 
associated with expression of key adhesion 
molecules involved in the cell-cell junction, 

E-cadherin-positive BPH cell line. However, 
downregulating α3 integrin only led to a moder-
ate suppression of cell growth. A similar trend 
was observed for the metastatic, E-cadherin-
positive 22RV1 prostate cancer cell line upon 
CD151 downregulation via expression of multi-
ple hairpin shRNAs. Furthermore, tumor cells 
underwent an EMT-like morphological change 
in both cell lines in the absence of CD151 
(Figures 5Ac, 5Bb, S1). These data demon-
strate that CD151 represses tumor cell growth 
via promoting cell-cell contact and/or counter-
acting the EMT-like program. 

The clinical association between FAK and pros-
tate cancer aggressiveness 

Based on the association between CD151 ex- 
pression and advanced prostate cancer, we ne- 
xt investigated its role in intracellular signaling. 
Upon CD151 downregulation, tumor cells be- 
came more sensitive to inhibition of the RGD-
binding integrin (α5β1 or αvβ3)-associated sig-
naling through c-Src, which is known to promote 
the maintenance of E-cadherin/β-catenin com-
plexes, as indicated by a decreased cell viabili-

Table 1. The TMA/IHC analysis of association between 
CD151 and clinical paramaters in the Biomax prostate can-
cer patient cohort (N=80)

Variable (N)
CD151 staining 

Ave Quick Score STDP p Value
Grade
    Control (10) 255 79.9
    BPH (20) 231.3 69.8
    Gleason 2 (9) 172.2 115.9 <0.0001
    Gleason 3 (20) 127.4 99.7
    Gleason 4 (11) 103.2 96.6
    Gleason 5 (10) 52 36.8
Stage (N)
    T1 (1) 250 57.7
    T2 (25) 138.3 100.4 <0.0001
    T3 (18) 98.7 97.3
    T4 (5) 34 31.5
Lymph Node Metastasis (N)
    Yes (17) 77.5 72.5 <0.0001
    No (33) 134.4 106.8
Visceral/Bone Metastasis (N)
    Yes (12) 82.5 80.5 <0.0006
    No (34) 133.4 104.7

including P-cadherin, E-cadherin 
and α-catenin (Figure 4Ad). Similar 
analyses also revealed a close link 
for CD151-associated α3β1 and 
α6β4 integrins, but not E-cadherin 
(Figure 4B-D). Collectively, these 
data suggest that the diminished 
expression of CD151 at cell-cell con-
tact sites attributed to the AR- 
mediated transcriptional suppres-
sion of CD151 and associated α3β1 
and α6β4 integrins at the epigenetic 
level, corroborating its inverse as- 
sociation with advanced disease 
(Figures 1-3).

Effect of CD151 downregulation on 
tumor cell proliferation

We investigated functional conse-
quences of decreased CD151 ex- 
pression in advanced prostate tu- 
mors. As shown in Figure 5, attenu-
ating CD151 expression via RNAi 
oligo or lentiviral-mediated expres-
sion of shRNAs markedly increas- 
ed cell growth in an immortalized, 
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ty under escalating doses of its chemical inhibi-
tor, Dasatinib (Figure 5C). 

Since EMT induction is known to promote tumor 
cell dependence towards the RGD-binding inte-
grin/FAK signaling axis, we examined the clini-
cal relevance of this axis to gain additional evi-
dence on CD151 function in this disease. As 
show in Figure 6A, the expression of FAK in 
human prostate cancer specimens was in- 
vestigated. Expression of FAK increased with 

Gleason grade (P<.0001), pathologic stage 
(P<.0001), and prostate cancer-specific mortal-
ity (P<.0001), according to IHC analysis of the 
local patient cohort (Figure 6A and Table 3). 
Additionally, the average ratio of CD151: FAK 
staining in tumor tissue was 1.3 in Gleason 5 
tumors, 1.7 in Gleason 4 tumors, 2.3 in Gleason 
3 tumors, and 4.3 in non-neoplastic tissue. FAK 
expression also declined in tumors from 
patients managed with neoadjuvant androgen 
deprivation therapy (ADT, Figure 6 and Table 3). 

Figure 2. Profiling CD151 expression in a local prostate cancer TMA patient cohort (N=181). Tissue was stained 
with the NCL-CD151 monoclonal antibody. A. Representative image of diverse CD151 staining patterns in primary 
tumors (100×, 200× insert). B. Subcellular localization of CD151 stratified by Gleason grade and tumor stage. IHC 
imaging are representative of staining patterns and intensity by stage/grade. Percentages of diffused (filled bar) or 
cell-cell adhesion (hashed bar) were plotted against each of Gleason grades and tumor stages. Differences between 
groups were assessed using the Chi-Square analysis and p-values were indicated. 
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However, the ratio of CD151 versus FAK stain-
ing in ADT-treated patient tumors was still low 
(1.1). 

Furthermore, we found the CD151 downregula-
tion in BPH cell line increased tumor cell sensi-
tivity to VS-6063, an inhibitor of active FAK, as 
well as docetaxel (Figure 6B). In comparison, 
there was lack of apparent effect for the inhibi-
tors of the PI3K (GDC-2094) or Wnt pathway 
(ICG001) (data not shown). Collectively, these 
observations demonstrate an active contribu-
tion by the RGD-binding integrin-FAK signaling 
pathway towards advanced stage and grade 
prostate tumors, counteracting the role of 
CD151/α3β1 or α6β4 integrin complex in main-
tenance of cell-cell contact. 

Discussion

The current study has evaluated the differenc-
es in CD151 expression and subcellular lo- 
calization between tumor grades and stages 
across parallel prostate cancer patient cohorts. 
The data indicate that CD151 is abundantly 

Clinical relevance of altered CD151 expression 
and localization 

Our results demonstrate that CD151 is primar-
ily expressed at cell-cell contact interfaces in 
normal prostate or benign tumors, and this pat-
tern diminishes with increased tumor Gleason 
grade and or progression to advanced meta-
static disease (Figures 1-3). This correlates 
with the evidence that the majority of prostate 
tumors appear to stem from the oncogenic tar-
geting of luminal epithelial cells in prostate 
glands. In this case, CD151 function is partially 
aligned with the E-cadherin/β-catenin complex-
es, besides laminin-biding α3β1 and α6β4 inte-
grins. This argument is supported by our func-
tional analysis CD151 downregulation and its 
concordance with E-cadherin in prostate tu- 
mors, as well as AR or epigenetic regulation of 
CD151 and associated integrins at transcrip-
tional level (Figures 4, 5). Hence, our study sup-
ports a cancer type- and oncogenic context-
associated role of CD151 and laminin-biding 
α3β1 and α6β4 integrins in human epithelial-

Table 2. The TMA/IHC analysis of association between 
CD151 and clinical parameters in a local prostate patient 
cohort (N=181)

Variable (N)
CD151 staining 

Ave Quick Score STD p Value
Grade
    Control (21) 287.9 28.3 <0.0001
    BPH (7) 262.1 48.7
    ADT (11) 222.7 85.2
    Gleason 3 (69) 242.5 67.7
    Gleason 4 (60) 214.6 83.1
    Gleason 5 (13) 242.2 83.7
Stage (N) 0.1002
    T2 (80) 246.7 65.6
    T3 (67) 210.3 85.3
    T4 (6) 246.3 50.4
Lymph Node Metastasis (N) 0.9254
    Yes (7) 229.2 75.3
    No (146) 230.8 77.5
Recurrence (N) 0.4014
    None (111) 229.4 91.9
    Local (23) 242.4 72.6
    Distant (8) 240.9 77.1
Disease-Specific Mortality (N) 0.8633
    Survival (125) 228.3 79.8
    Death (9) 231.1 83.9

localized to cell-cell junctions and on 
the cell surface in non-cancerous 
tissues, and this expression pattern 
diminishes in with escalating tumor 
Gleason grade and stage, and pres-
ence of nodal or distance metasta-
ses. Moreover, this clinical trend is 
positively associated with expres-
sion of E-cadherin, P-cadherin and 
α-catenin during prostate cancer 
progression, and is inversely linked 
to occurrence of AR expression and 
DNA methylation. Downregulating 
CD151 in vitro not only leads to 
increased tumor cell growth, but 
induces an EMT-like morphological 
change. Our study also reveals that 
in contrast to CD151, FAK, a key sig-
naling effector of EMT-linked RGD-
binding integrins, is frequently ampli-
fied or overexpressed in advanced-
stage prostate carcinomas. Overall, 
our results suggest a suppressive 
role of CD151 in prostate cancer, 
challenging the current paradigm of 
its impact on prostate tumor metas-
tasis and its utility for defining 
aggressiveness of the disease [9, 
18]. 
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Figure 3. Differential expression of CD151 in primary tumors from patients with metastatic or non-metastatic dis-
ease. A, B. Representative images of primary tumors from patients with distant metastasis and organ-confined 
diseases are depicted for comparison. Primary tumors were subjected to IHC staining with 11G5a or CD151-NCL 
monoclonal antibodies. Differences between groups were assessed by Chi-Square analysis. p-values were indicat-
ed. Percentages of diffused (filled bar) or cell-cell adhesion (hashed bar) in the cohort were calculated and plotted 
for each of patient groups without disease recurrence or with node or distant metastasis. 
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Figure 4. A link between epigenetic and AR regulation and expression of CD151 and associated α3β1 and α6β4 
integrins in prostate tumors at mRNA level. The TCGA cohort (n=333, Cell 2015) was interrogated regarding: A. (a) 
the association between CD151 mRNA expression and Gleason grade; (b) A genomic link between CDd151 and AR. 
(c) Plots of CD151 mRNA expression and state of methylation of its promoter region. (d) Volcano blot of the list of 
genes being co-overexpressed or underexpressed with CD151 at mRNA level. B-D. The association between mRNA 
expression of α3β1 and α6β4 integrins and E-cadherin and AR or state of methylation of its promoter region (a, b). 
The Spearman and Pearson correlation coefficients were shown.

Figure 5. Effect of CD151 down-
regulation on proliferation and 
the EMT-like phenotype in cul-
tured prostate tumor cells. A, B. 
Tumor cells were subjected to 
CD151 known via siRNA oligos 
or shRNA, followed by analysis of 
cell proliferation and morpholo-
gies. Degree of CD151 knock-
down was determined by immu-
noblotting. A. BPH line; B. 22RV1 
line. C. Modulation of tumor cell 
sensitivity to Dasatinib. Tumor 
cells with or without stable knock-
down of CD151 were treated with 
indicated inhibitors for 72 h, fol-
lowed by analyses of cell viability 
by MTT assay and paired t-test 
analysis. *: p value <0.05; **: p 
value <0.01.

origin cancers [8, 20], rather 
than its subcellular localiza-
tion on tumor cells [19]. It also 
argues for the role of CD151 
as a biomarker in prostate 
cancer progression.

The IHC expression profile of 
CD151 exhibited in the cur-
rent study is not entirely in 
agreement with some prior 
analyses [17, 19, 35]. One 
argument for this discrepancy 
is the variability of CD151 anti-
bodies in recognizing different 
domains of CD151 proteins 
present on tumor cell surface 
[36]. Since use of two IHC 
application-tested antibodies 
fails to yield any staining of 
α3β1 integrin in in primary 
tumor tissues from our above 
cohorts (data not shown) [27, 
37], it remains an open ques-
tion that CD151 proteins at 
the cell-cell junctions belong 
to the pool of the “integrin-
free” molecules on the cell 
surface. 
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Figure 6. Reprehensive image of FAK staining in human prostate tumors. A. TMA from the local prostate cancer 
patient cohort was subjected to IHC analysis with an FAK-specific antibody. a-f. FAK staining in tumors with benign 
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Molecular regulation of CD151 expression dur-
ing prostate tumor growth and progression

A notable observation from the current study is 
the evidence of transcriptional and epigenetic 
regulation of CD151 in prostate cancer. CD151 
is known to undergo post-transcriptional regu-
lation, including co-expression with integrins 
and clathrin-coated pit-associated recycling 
[38, 39]. Our data suggest that this regulation 
is likely tied to the action of AR, which is also 
known to drive prostate tumorigenesis and pro-
gression via epigenetic silencing of tumor sup-
pressors. This is also consistent with a recent 
study of TSPAN1 in prostate cancer [40, 41]. 
Reduced CD151 expression at cell-cell contact 
domains may result from the increased meth-

complexes, these molecules collaborate wi- 
th RGD-binding integrins (e.g., α2β1, α5β1 or 
αvβ3) to drive tumor cell motility and invasion 
through intracellular signaling of the integrin/
FAK axis. This scenario is consistent with our 
analysis with squamous carcinoma-like PC-3 
cell line, where attenuating CD151 expression 
impaired tumor cell motility stimulated by the 
HGF/c-Met axis (data not shown). This evidence 
is also supported by high levels of endogenous 
laminin-5 in PC-3 cells, which promotes CD151-
α6β4 complexes-dependent cellular growth 
and aggressive behaviors in an autocrine man-
ner [42]. Hence, the role of CD151 in prostate 
cancer may vary with tumor stage or subtype/
oncogenic context, besides its molecular part-
ners on plasma membrane, similar to many 

feature or varying in Gleason grade or stage. Scale: 100×, 200× insert. B. MTT analysis of CD151 knockdown on 
tumor cell sensitivity to FAK inhibitor (VS-6063) or chemotherapeutic agent (Docetaxel). BPH Tumor cells with or 
without stable knockdown of CD151 were treated with indicated agents for 72 h, followed by analyses of cell viability 
by MTT assay and paired t-test analysis. *: p value <0.05; **: p value <0.01. C. FAK deregulation at genomic and 
mRNA levels and association with oncogenic drivers in the TCGA prostate cancer patient cohort (Cell, 2015). a, b. 
Association between mRNA expression of FAK and gene copy number. CD151 mRNA expression and Gleason grade. 
c-e. Plots of FAK mRNA expression and tumor Gleason grade, AR and p53.

Table 3. The TMA/IHC analysis of association between FAK, CD151 
and clinical parameters in a local prostate patient cohort (N=181)

Variable 
FAK staining

Average Score STD Value CD151/FAK 
Grade (N)
    Control (21) 66.6 34.9 <0.0001 4.3
    BPH (7) 61.8 30.4 4.2
    ADT (11) 202.3 85 1.1
    Gleason 3 (69) 99.1 61.4 2.4
    Gleason 4 (60) 127.4 68.7 1.7
    Gleason 5 (13) 188.1 86.9 1.3
Stage (N) <-.0001
    T2 (80) 104.7 66.1 2.4
    T3 (67) 142.8 78 1.5
    T4 (6) 200 85.3 1.2
Lymph node metastasis (N) <0.1587
    Yes (7) 163.8 91.4 1.4
    No (146) 123.7 74.8 1.9
Recurrence (N) <0.2716
    None (111) 122.1 73.6 1.9
    Local (23) 116.3 58.1 2.1
    Distant (8) 158.6 104.6 1.5
Disease-specific mortality (N) <0.0001
    Survival (125) 116.9 68.5 2.0
    Death (9) 239.4 75.2

ylation of its promoters  
during tumor progression 
(Figure 4) [19]. In fact, the 
promoter region of the CD- 
151 gene is highly enriched 
in CpG islands (data not 
shown). This molecular fea-
ture may provide another 
key basis for the anti-meta-
static role of CD151 in pro- 
state cancer. 

Plasticity of CD151 func-
tion in prostate cancer 

Besides an anti-tumorigen-
ic role during prostate tu- 
mor development highlig- 
hted in the current study 
(Figures 1-5), CD151 may 
be pro-tumorigenic in tumor 
cells with squamous carci-
noma-like or post-EMT me- 
senchymal phenotype. In 
this case, CD151 levels on 
the cell surface are largely 
dependent on expression 
of the ECM-binding α3β1 or 
α6β4 integrins. By forming 
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other key components of cell adhesion net-
works in human epithelial-origin tumors [20, 
21]. 

In summary, our analysis of prostate cancer 
patient biopsies reveals a strong association 
between subcellular distribution and transcrip-
tion of CD151 with advanced Gleason grade, 
stage, and metastatic potential. This anti-tumor 
function is inversely linked to the regulation  
by AR at mRNA or epigenetic level. Hence, our 
study provides evidence on a putative anti-
malignant function of CD151 and associated 
α3β1 and α6β4 integrins, challenging the cur-
rent paradigm of its driver role in prostate can-
cer progression. 
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Figure S1. The original blot for immunoblots in Figure 5. A (a, b). The original blot for the panel A (a, b) of Figure 
5. B. The original blot for the panel B (a) of Figure 5.


