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Abstract

Backgrounds: SWI/SNF complexes represent a family of multi‐subunit chromatin

remodelers that are affected by alterations in >20% of human tumors. While

mutations of SWI/SNF genes are relatively uncommon in prostate cancer (PCa), the

literature suggests that deregulation of various subunits plays a role in prostate

tumorigenesis. To assess SWI/SNF functions in a clinical context, we studied

the mutually exclusive, paralogue accessory subunits SMARCD1, SMARCD2, and

SMARCD3 that are included in every known complex and are sought to confer

specificity.

Methods: Performing immunohistochemistry (IHC), the protein levels of the

SMARCD family members were measured using a tissue microarray (TMA) com-

prising malignant samples and matching healthy tissue of non‐metastatic PCa pa-

tients (n = 168). Moreover, IHC was performed in castration‐resistant tumors (n = 9)

and lymph node metastases (n = 22). To assess their potential role as molecular
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biomarkers, SMARCD1 and SMARCD3 protein levels were correlated with clinical

parameters such asT stage, Gleason score, biochemical recurrence, and progression‐

free survival.

Results: SMARCD1 protein levels in non‐metastatic primary tumors, lymph node

metastases, and castration‐resistant samples were significantly higher than in benign

tissues. Likewise, SMARCD3 protein expression was elevated in tumor tissue and

especially lymph node metastases compared to benign samples. While SMARCD1

levels in primary tumors did not exhibit significant associations with any of the

tested clinical parameters, SMARCD3 exhibited an inverse correlation with pre‐

operative PSA levels. Moreover, low SMARCD3 expression was associated with

progression to metastasis.

Conclusions: In congruence with previous literature, our results implicate that both

SMARCD1 and SMARCD3 may exhibit relevant functions in the context of prostate

tumorigenesis. Moreover, our approach suggests a potential role of SMARCD3 as a

novel prognostic marker in clinically non‐metastatic PCa.
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1 | INTRODUCTION

SWI/SNF complexes represent a heterogeneous family of large multi‐

subunit chromatin remodelers acting as transcriptional regulators.1,2

It was previously shown that SWI/SNF complexes are involved in

various cellular processes including proliferation, differentiation,

chromosomal stability, centromere function, and DNA repair.2,3 In

accordance, mutations of SWI/SNF genes were detected in ~20% of

a wide spectrum of human tumor types.4,5 Compared to other human

malignancies, mutations of SWI/SNF genes are relatively uncommon

in prostate cancer (PCa) patients.6 However, previous studies impli-

cate that deregulation of SWI/SNF subunits plays a role in prostate

tumorigenesis, and suggest both tumor suppressor and oncogenic

functions in this biological context.7–11

SMARCD1/BAF60A, SMARCD2/BAF60B, and SMARCD3/

BAF60C are mutually exclusive accessory subunits conferring func-

tional specificity.12 Unlike other accessory subunits, the SMARCD

proteins are not restricted to certain SWI/SNF complexes, but are

components of all known subtypes (i.e., cBAF, PBAF, and ncBAF

complexes).13 Thus, to obtain a comprehensive overview on the role

of SWI/SNF in prostate tumorigenesis, we previously conducted

in vitro studies published elsewhere.11 Amongst others, we demon-

strated that the SMARCD proteins are involved in essential cellular

processes such as maintenance of the nuclear and cellular morphol-

ogy and hormone‐dependent and ‐independent transcriptional reg-

ulation of numerous classical PCa genes.11

In this study, we sought to assess the clinical significance of the

SMARCD family members by measuring their protein levels in pri-

mary tumors and matching healthy tissues of non‐metastatic PCa

patients (n = 168), as well as in castration‐resistant primary tumors

(n = 9) and lymph node metastases (n = 22). Our approach revealed

that SMARCD1 and SMARCD3 expression was significantly higher in

tumors compared to benign tissues, and that both proteins exhibited

the highest levels in metastatic samples. We further found an inverse

correlation of SMARCD3 expression with pre‐operative PSA levels as

well as an association with metastasis.

In summary, our findings support the hypothesis that SMARCD

family members exhibit relevant functions in PCa and suggest a value

to SMARCD3 tissue expression as a potential novel prognostic

marker in clinically non‐metastatic PCa.

2 | MATERIAL AND METHODS

2.1 | Cell culture

The cell line LnCAP was purchased from ATCC, and was cultivated in

RPMI 1640 medium (Thermo Fisher Scientific) supplemented with

10% fetal bovine serum (FBS) (Gibco™ Fetal Bovine Serum, Life

Technologies) under standard conditions (37°C; 5% CO2).

The Mycoplasma contamination status was monitored using the

MycoAlert™ Mycoplasm Detection Kit (Lonza).

2.2 | siRNA mediated knock‐down

siRNA‐mediated knockdown was performed using RNAiMAX Trans-

fection Reagent (Thermofisher Scientific) according to the manufac-

turer's instruction. LnCAP cells were transfected with a scrambled

control (Silencer® Select Negative Control No.1, Thermofisher
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Scientific) or siRNAs targeting SMARCD1 (sc‐72598, Santa Cruz

Biotechnologies or Silencer® Select s13152, Thermofisher Scientific),

SMARCD2 (sc‐93762, Santa Cruz Biotechnologies; s13154, Ther-

mofisher Scientific) or SMARCD3 (sc‐89355, Santa Cruz Bio-

technologies or Silencer® Select s13159; Thermofisher Scientific) and

incubated for 48 h.

2.3 | Western blotting

Protein extracts were generated using RIPA lysis buffer (ab156034,

Abcam) supplied with protease inhibitors (cOmplete™ Mini Protease

Inhibitor Cocktail Tablets, Roche). Protein concentrations were

measured with the Pierce™ BCA Protein Assay Kit (Thermo Fisher

Scientific). Western blotting was performed using 10% Mini‐

PROTEAN® TGX Stain‐Free™ Protein Gels and the TransBlot®

Turbo™ Transfer System (Bio‐Rad Laboratories). Membranes were

blocked in 5% milk or BSA solution for 1 h at RT and incubated with

the respective primary antibodies (α‐SMARCD1: sc‐135843, Santa

Cruz Biotechnologies; α‐SMARCD2: Clone 2F7, Novus Biologicals,

Littleton; α‐SMARCD3: 12838‐1‐AP, Proteintech Group) overnight at

4°C. Incubation with secondary antibodies (goat anti‐rabbit IgG H&L

(HRP), ab6721, Abcam or goat anti‐mouse IgG H&L (HRP), ab6789,

Abcam) was performed for 1 h at RT. Membranes were developed

using Pierce™ ECL western blotting substrate (Thermofisher

Scientific).

2.4 | Tissue microarray

2.4.1 | Patient cohort

The tissue microarray (TMA) was manufactured from radical prosta-

tectomy (RP) specimens from 168 clinically non‐metastatic patients

treated at a single center. Informed consent was obtained before

sample collection. All surgical specimens were processed according to

standard pathologic procedures. Pathologic stage and grade were

assigned by specialized uropathologists according to the tumor node

and metastasis (TNM) staging system. From each patient, four cores

from cancer areas and two cores from an adjacent benign area were

selected. Only cores with a tumor content of ≥50% were included in

the analysis. Human kidney tissue was included as control on each

slide. Organ‐confined (≤pT2c) and locally advanced tumors (≥pT3a) of

different Gleason scores were included in the study. Biochemical

recurrence (BCR) was defined as two consecutive PSA

values ≥0.2 ng/ml after RP. Assessing BCR and progression to

metastatic disease, only patients with a follow‐up of at least 10 years

were included, unless the event occurred within this time period.

Histopathological characteristics of non‐metastatic patients are

shown in Table 1. In addition, the TMA comprised lymph node

metastases and castration‐resistant primary tumors of 22 and 9

independent cases, respectively. Similarly to the non‐metastatic

tumors, ≥4 cores of each patient were selected by specialized

uropathologists and only cores with a tumor content of ≥50% were

included in the analyses. The study was approved by the ethics

commission (EKNr: 1934/2016).

2.4.2 | Immunohistochemistry

For IHC, the Epredia™ UltraVision Quanto HRP DAB kit

(Thermofisher Scientific) was used according to the manufacturers’

instructions. In brief, samples were pre‐heated to 56°C for 2 h and

incubated in xylol (2 × 10min) and 100%, 96%, 70%, or 50% ethanol

for 5 min, respectively. Afterwards the slides were cooked in Target

Retrieval Solution (pH9; 121°C; 1 h), followed by incubation with

hydrogen peroxide block for 15min and Ultra V Block for 5 min.

Incubation with primary antibodies (α‐SMARCD1: sc‐135843, Santa

Cruz Biotechnologie; α‐SMARCD2: Clone 2F7, Novus Biologicals; α‐

SMARCD3: 12838‐1‐AP, Proteintech Group) diluted in PBS + 0,05%

Triton X‐100 + 0.5% BSA was conducted over night at 4°C. Subse-

quently, the slides were incubated with primary antibody enhancer

for 20min, HRP Polymer for 30min and ready‐to‐use AEC Single

Solution for ~10min. Samples were counterstained with hematoxylin

and sealed using Aquatex® (Sigma‐Aldrich).

2.4.3 | TMA analysis and statistical evaluations

Tissue slides were scanned with a SCAN II digital slide scanner (3d

Histech) using a 20× objective. Digitized TMA cores were subse-

quently analyzed using the Definiens® TissueStudio® histomorpho-

metry software. The software's automated tissue detection identified

TMA cores, which were manually checked for artefacts or degraded

tissue areas. Using representative areas and with the help of the

software's cell detection algorithms, nuclei and cells were identified

based on staining intensity, size, and other morphological features.

Furthermore, the staining intensity of each identified cell in these

areas was classified as negative, low, medium, or high. These posi-

tivity thresholds were then applied to all TMA cores of each marker

respectively. To compare SMARCD1, SMARCD2, or SMARCD3

protein levels in various tissue types (i.e., benign tissue, non‐

metastatic PCa, lymph node metastases, and castration‐resistant

primary tumors) the percentage of positive cells of each evaluable

core was determined and the median number of positive cells was

calculated. Statistical significance was assessed performing Kruskal–

Wallis and Dunn's multiple comparison tests using GraphPad Prism

(GraphPad Software Inc.).

To compare protein expression between tumor samples and

matching healthy tissues of a given patient, corresponding cores were

jointly analyzed and staining intensities were categorized as low (<5%

positive cells), medium (5–20% positive cells), or high (>20% positive

cells) (Figure 1A). Patients with higher or lower staining intensity

categories in tumors compared to benign samples were defined to

exhibit protein up‐ or downregulation, respectively. Only cases, for

which ≥2 benign or malignant cores were available, were included in

ERTL ET AL. | 183



TABLE 1 Clinicopathological features of non‐metastatic PC patients represented on the tissue microarray.

Complete TMA (n = 168) SMARCD1 (n = 166) SMARCD3 (n = 157)

Median Range Median Range Median Range

Age 62.4 45.5–78 62.4 45.5–78 62.1 45.5–78

Follow‐up months 139 0–272 139 0–272 140 0–272

Follow‐up years 11.6 0–22.7 11.6 0–22.7 11.7 0–22.7

Pre‐op PSA (ng/ml) n % n % n %

<4 21 12.5 21 12.7 20 12.7

4–10 99 58.9 99 59.6 93 59.2

>10 47 28 45 27.1 43 27.4

Missing 1 0.6 1 0.6 1 0.6

Gleason score n % n % n %

≤3 + 3 78 46.4 78 47 73 46.5

3 + 4 51 30.4 49 29.5 49 31.2

4 + 3 17 10.1 17 10.2 14 8.9

≥4 + 4 22 13.1 22 13.3 21 13.4

T stage n % n % n %

T2a 22 13.1 22 13.3 21 13.4

T2b 60 35.7 60 36.1 54 34.4

T2c 30 17.9 30 18.1 30 19.1

T3a 28 16.7 27 16.3 27 17.2

T3b 18 10.7 17 10.2 17 10.8

T4 10 6 10 6 8 5.1

Disease stage n % n % n %

Localized (≤pT2c) 112 66.7 112 67.5 105 66.9

Advanced (≥pT3a) 56 33.3 54 32.5 52 33.1

Surgical margins n % n % n %

Positive 73 43.5 72 43.4 66 42

Negative 95 56.5 94 56.6 91 58

PSA recurrence* n % n % n %

No 66 39.3 66 39.8 63 40.1

Yes 40 23.8 39 23.5 38 24.2

No info 62 36.9 61 36.7 56 35.7

Metastasis* n % n % n %

No 87 51.8 86 51.8 84 53.5

Yes 9 5.4 9 5.4 7 4.5

No info 72 42.9 71 42.8 66 42

Note: Healthy and tumor tissue of a total of 168 non‐metastatic patients suffering from localized or advanced PCa were represented on the tissue
microarray. SMARCD1 and SMARCD3 protein levels were evaluable in tumor tissue of 166 and 157 patients, respectively. PSA recurrence and
progression to metastatic disease was assessed in patients with a follow‐up of ≥10 years.

*Follow‐up ≥ 10 years.
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the analysis. For visualization and mutual exclusivity analysis, the

online software Oncoprinter was used.14,15 To assess a potential

clinical significance of SMARCD1 and SMARCD3, all cores repre-

senting tumor tissue of a given patient were jointly analyzed and the

percentage of positive cells or staining intensities (low: 5% positive

cells; medium: 5–20% positive cells, high: >20% positive cells) were

correlated with clinical parameters. Depending on the nature of the

clinical variables (categorical or metric), Chi‐squared tests or Pearson

correlation analyses were performed using SPSS Statistics (IBM).

Associations of clinical parameters with progression‐free survival

F IGURE 1 SMARCD protein expression in PCa patient samples. (A) Examples for cores representing primary tumors of non‐metastatic
patients with low (<5% positive cells), medium (5–20% positive cells), or high (>20% positive cells) staining intensities of SMARCD1 (upper panel)
or SMARCD3 (lower panel). (B) Validation of specificity of antibodies targeting SMARCD1, SMARCD2, and SMARCD3 by siRNA‐mediated
knockdown and Western blotting. (C) The median numbers of SMARCD1, (D) SMARCD2, and (E) SMARCD3 positive cells were assessed in all
evaluable cores representing benign prostate tissue, non‐metastatic primary tumors, lymph node metastases, and castration‐resistant primary
tumors. Statistical significance was assessed performing Kurskal–Wallis and Dunn's multiple comparison tests. ns, not significant; **p ≤ 0.01;
****p ≤ 0.0001. (F) Cores representing tumors and matching healthy tissues of non‐metastatic patients were jointly analyzed and staining
intensities were categorized as low, medium, or high. Patients with higher or lower staining intensity categories in tumors compared to benign
samples were defined to exhibit protein up‐ or downregulation, respectively. [Color figure can be viewed at wileyonlinelibrary.com]
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(PFS) were assessed using the Kaplan–Meier method and Log‐Rank

(Mantel–Cox) tests using the same software. All tests were two‐

sided. Statistical significance was considered at p < 0.05.

3 | RESULTS

3.1 | SMARCD1 and SMARCD3 protein levels are
elevated in malignant tissues

To assess SMARCD1, SMARCD2, and SMARCD3 protein levels in

human prostate tumors, we used a TMA containing malignant sam-

ples and matching healthy tissue of 168 non‐metastatic PCa patients

(Figure 1A; Table 1). Moreover, IHC was performed in samples of

castration‐resistant tumors (n = 9) and lymph node metastases

(n = 22). Given the high similarity between SMARCD1, SMARCD2,

and SMARCD3, we evaluated the specificity of each antibody by

siRNA‐mediated knockdown and Western blotting prior to IHC

(Figure 1B).

As stated above, four cores of malignant tissue and two benign

samples of each non‐metastatic patient were included in the TMA.

Beyond that, ≥4 cores representing lymph node metastases and

castrations‐tumors of independent cases were available. After rig-

orous quality control, we assessed the median number of

SMARCD1/2/3 positive cells in all evaluable cores of a given tissue

type (i.e., benign tissue, non‐metastatic PCa, lymph node metasta-

ses, and castration‐resistant primary tumors). In case of SMARCD1,

we found significantly higher protein levels in cores representing

non‐metastatic primary tumors (3.5%; n = 657), as well as in

lymph node metastases (3.9%; n = 56) and castration‐resistant

samples (9.8%; n = 39) compared to benign tissues (1.3%; n = 339)

(Figure 1C). For SMARCD2, no significant differences between

benign (76.5%; n = 335), malignant (78.7%; n = 686), metastastic

tissues (74.8%; n = 59), castration‐resistant tumors (72.9%; n = 40),

and kidney samples included as control (81.9%; n = 34) were

observed (Figure 1D). We, thus, excluded this paralogue from fur-

ther analyses. The median number of SMARCD3 positive cells in

cores representing non‐metastatic primary tumors (14.8%; n = 579)

and especially lymph node metastases (87.3%; n = 53) was signifi-

cantly higher than in benign samples (8%; n = 302). However, no

difference between castration‐resistant tumors (7.4%; n = 35) and

non‐malignant tissues was detected (Figure 1E).

To compare SMARCD1 or SMARCD3 protein levels in primary

tumors and matching benign tissues of single patients, the corre-

sponding cores were jointly analyzed, whereby only cases for which

≥2 benign or malignant cores were evaluable, were included in this

analysis. We found that SMARCD1 levels were higher or lower in

tumors of 38.8% and 8.5% of patients (n = 166), respectively

(Figure 1F). SMARCD3 was elevated in 37.7% of cases (n = 157),

while 15.2% exhibited lower SMARCD3 protein levels in tumors

compared to matching healthy samples (Figure 1F). Mutual ex-

clusivity analysis revealed a co‐occurrence of SMARCD1 and

SMARCD3 alterations (p = 0.014).

3.2 | SMARCD3 protein levels are associated with
pre‐operative PSA levels and metastasis

To confirm the validity of our clinical data, we evaluated relations

between various clinical parameters (e.g., T stage, Gleason score,

BCR, progression‐free survival), thereby demonstrating numerous

associations that were previously reported (Table 2; Figure 2).16–19

We further assessed potential correlations of clinical parameters

with SMARCD1 and SMARCD3 protein levels in tumor tissue of non‐

metastatic PCa patients (n = 166 and n = 157, respectively) (Table 1).

In case of SMARCD1, we did not observe significant associations

with Gleason score, BCR, positive surgical margins, pre‐operative

PSA levels, progression to metastatic disease, and progression‐free

survival (Table 2; Figure 2). The correlation between SMARCD1 ex-

pression and T stage did not quite reach statistical significance

(p = 0.051) (Table 2). However, we found that high SMARCD1

staining intensities (>20% positive cells) were clearly more frequent in

T4 tumors compared to less advanced disease stages (T2: 9.8%,

n = 112; T3: 10.9%, n = 44; T4: 40%, n = 10; data not shown).

While SMARCD3 protein levels were not associated withT stage,

Gleason score, BCR, positive surgical margins, or progression‐free

survival, correlation analysis revealed an inverse association with pre‐

operative PSA levels (p = 0.011) (Table 2). Moreover, SMARCD3

protein abundance was associated with progression to metastasis

(p = 0.01) (Table 2); 57.1% of patients, who developed metastases

after RP exhibited low SMARCD3 levels (<5% positive cells), while, in

turn, only 13.1% of patients who did not progress to to metastatic

disease exhibited low staining intensities (data not shown). We fur-

ther observed an association between SMARCD1 and SMARCD3

abundance (p < 0.001) (Table 2).

4 | DISCUSSION

Numerous studies have demonstrated that chromatin‐remodeling

SWI/SNF complexes are involved in the pathogenesis of PCa and

suggested both tumor suppressor and oncogenic activities.6,20–25 To

shed more light on SWI/SNF functions in PCa, we previously studied

the mutually exclusive accessory subunits SMARCD1, SMARCD2,

and SMARCD3 that are incorporated in all defined SWI/SNF sub-

types and are thought to confer specificity to a given complex.12,13

Conducting in vitro studies, we showed that the SMARCD family

members represent crucial factors for the maintenance of cellular

morphology and accurate cytokinesis.11 We further demonstrated

that the SMARCD proteins are involved in the regulation of

hormone‐dependent AR‐target genes, but can also act as antag-

onizers of AR‐signaling.11 Furthermore, SMARCD1, SMARCD2 and

SMARCD3 were found to be involved in the regulation of AR‐driven

target genes under androgen‐depleted conditions.11

To study the SMARCD proteins in a clinical context and to assess

their potential role as molecular biomarkers, we measured

SMARCD1, SMARCD2, and SMARCD3 protein levels in malignant

samples and matching healthy tissue of non‐metastatic PCa patients,
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as well as in cores representing castration‐resistant primary tumors

and lymph node metastases. Performing IHC, we found significantly

higher SMARCD1 levels in malignant samples compared to benign

tissues, being the highest in castration‐resistant tumors and partic-

ularly in lymph node metastases. We further observed that the pro-

tein was more abundant in T4 tumors compared to less advanced

diseases stages (i.e., T2 and T3 stage). These observations implicate

that SMARCD1 may be involved in carcinogenic processes, what is in

congruence with our previous findings.11 SMARCD1 represents a

target of the miR‐99 family of microRNAs.26 The miR‐99 family was

previously shown to be downregulated in prostate tumors, resulting

in hyperactivity of AR, which in turn may contribute to androgen‐

independence.26 This finding suggests that SMARCD1 may play a

role in the progression to an androgen‐refractory state.26 This

hypothesis was not supported by our approach; even though we

observed higher SMARCD1 levels in castration‐resistant tumors than

in androgen‐dependent malignant samples, the difference was not

statistically significant. However, this may be explained by the small

number of androgen‐refractory samples included in our study.

Apart from the relatively low number of patients, the failure

to assess a potential clinical significance of SMARCD2 is a major

limitation of our approach. Since no significant differences in

protein abundance between benign prostate tissues, non‐

metastatic primary tumors, lymph node metastases, and/or

castration‐resistant samples were observed, the protein had to be

excluded from further analyses. The specificity of our antibodies

was verified by Western botting and this finding may, thus,

implicate that SMARCD2 is indeed equally expressed across all

tissue types. However, given the fact that we also found com-

parable expression levels in kidney tissue that was included as

control, we rather suppose that the staining was non‐specific due

to technical issues of our IHC protocol.

F IGURE 2 SMARCD1 and SMARCD3 levels do not correlate with progression‐free survival. Correlations of (A) T stage, (B) Gleason score (C)
positive surgical margins, (D) progression to metastatic disease, (E) SMARCD1 protein levels, and (F) SMARCD3 protein levels with progression‐
free survival were assessed using the Kaplan–Meier method. To evaluate the overall statistical significance levels, Log‐Rank (Mantel–Cox) tests
were performed. [Color figure can be viewed at wileyonlinelibrary.com]
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Assessing SMARCD3, we found significantly higher protein levels

in tumor samples and especially lymph node metastases compared to

healthy tissue. Analyzing TCGA data, we previously showed that

SMARCD3 is altered in 6% and 9% of patients suffering from non‐

metastatic and metastatic PCa, respectively; the vast majority of al-

terations accounted for mRNA upregulation and gene amplifica-

tions.11 We further found increased mRNA and protein levels of

SMARCD3 in PCa cell lines derived from lymph node, bone or brain

metastases (i.e., LnCAP, C4‐2, PC3, and DU145) compared to the

benign prostate cell line RWPE1.11 Thus, our observation is in con-

gruence with previous findings.

Correlating SMARCD3 levels in tumor samples of non‐

metastatic PCa patients with clinical parameters, we found a

significant association of low protein abundance with high pre‐

operative PSA levels. Previous studies revealed that SMARCD3 is

an androgen‐dependent gene that is downregulated in response

to AR signaling, while KLK3, the gene encoding for PSA, repre-

sents a direct, positively regulated AR‐target.11,27 The fact that

SMARCD3 and PSA exhibit opposed protein levels is in accord-

ance with these findings. Low SMARCD3 levels in primary tumors

were also found to be associated with progression to a metastatic

disease state. Given the androgen‐responsiveness of SMARCD3,

one might speculate that the gene is downregulated in tumors

with high AR activity that are prone to an aggressive biologic and

clinical behavior. This suggestion is supported by several studies

that demonstrated an association of high AR protein levels in

primary tumors with unfavorable prognosis.28–30

At first glance, it seems contradictory that SMARCD3 levels are

elevated in malignant tissues, but exhibit a negative correlation with

clinical variables associated with aggressive disease. However, our

previous study showed that SMARCD3 exhibits highly specific and/

or divergent functions in various cell lines and hormonal environ-

ments. For instance, we demonstrated that knockdown of SMARCD3

resulted in a significant decrease of cell viability in androgen‐

responsive LnCAP cells, but not in the androgen‐refractory derivative

cell line C4‐2.11 We also found that the protein regulates distinct sets

of target genes in LnCAP cells in the presence of physiologic levels of

androgens or under hormone‐deprived conditions.11 PCa is a highly

heterogeneous disease that can be classified in at least seven sub-

types with variable degrees of aggressiveness.31 Thus, even

thoughSMARCD3 seems to be upregulated in many prostate tumors,

low protein levels may represent a characteristic feature of a certain

PCa subclass with high malignant potential.

Although our findings are in congruence with previous in vitro

studies in PCa cell lines, we cannot state with certainty that the

increase of SMARCD3 abundance in malignant tissues is caused by

protein upregulation in tumor cells. Since the software used for the

analysis of the TMA is not able to identify malignant cells, we cannot

neglect the possibility that changed SMARCD3 levels are rather

caused by alterations of the tumor microenvironment (TME). It is

widely accepted that theTME plays a crucial role in the pathogenesis

and progression of prostate tumors, and that it has a strong impact on

the prognosis of PCa patients.32–34 Consequently, the identification

of TME‐associated prognostic genes may contribute to improved

clinical management.33,34

Taken together, our approach suggests that SMARCD3 may

represent a novel prognostic marker in clinically non‐metastatic PCa.

However, in order to verify this finding, studies in an independent

cohort comprising a higher number of patients will be required. To

translate our findings into the clinics, it will further be necessary to

clarify whether tumor cells or components of the TME exhibit

changes in SMARCD3 expression.

In conclusion, our approach showed congruently with the liter-

ature, that the SMARCD family members play a relevant role in

prostate tumorigenesis that is worth to be investigated in more detail.
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