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Abstract

Introduction: CHD1 has been identified as a tumor suppressor gene in prostate cancer. Previous 

studies have shown strong associations between CHD1 deletion, prostate specific antigen [PSA] 

recurrence, and absence of ERG fusion. In this preliminary study we seek to find whether there is 

an independent correlation between CHD1 status and response to androgen deprivation 

therapy[ADT].

Materials and methods: We identified 11 patients with prostate cancer who underwent 

prostatectomy and received at least 7 months of ADT at our institution. They were divided into 

undetectable [PSA < 0.2 ng/mL; n = 8] and detectable [PSA > 0.2 ng/mL; n = 3] according to their 

serum PSA nadir after 7 months of ADT. Tissue microarray was generated from their formalin-

fixed paraffin-embedded prostatectomy and involved lymph node tissues. Fluorescence in situ 

hybridization [FISH] analysis for CHD1 and immunohistochemical stains for PSA, AR, PTEN, 

ERG and SPINK1 were performed.

Results: Our results showed heterogeneity of FISH and immunostains expressions in different 

foci of tumor. Status of CHD1, ERG, PTEN, or SPINK1 did not correlate with one another or with 

response to ADT.

Conclusions: Additional larger studies may be needed to further elucidate trends between these 

biomarkers and clinical outcomes in prostate cancer patients.
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INTRODUCTION

Prostate cancer remains the most commonly diagnosed non-cutaneous malignancy and the 

third most lethal malignancy in men with 161,360 new cases and 26,730 deaths expected in 

2017 alone [1]. One of the significant challenges in the management of prostate cancer is 

understanding which factors portend a poor prognosis and require aggressive treatment [2,3].

Patient characteristics, cancer stage, Gleason score, and prostate specific antigen [PSA] level 

are currently used to risk stratify patients and inform the therapeutic recommendations of 

urologic, medical, and radiation oncologists. At this time, it is unclear how best to predict 

the natural history of these cancers. Therefore, many research efforts have focused on 

elucidating the molecular and genetic aberrancies underlying the aggressiveness of prostate 

cancer in order to help predict disease trajectory and guide treatment [2–5].

The chromosomal band 5q21 is a commonly deleted segment in prostate cancer. Several 

studies have localized CHD1, which encodes chromodomain helicase DNA-binding protein 

1, to this region [2–4]. This deletion is estimated to underlie 10–26% of all prostate cancers 

[2,4]. CHD1 has been identified as a key tumor suppressor gene whose role involves 

chromatin remodeling [24], androgen receptor [AR]-dependent transcription regulation [2], 

recruiting homologous recombination repair proteins to double strand DNA breaks [6], and 

promoting cell invasiveness [3]. CHD1 may also be important in predicting sensitivity to 

androgen deprivation therapy [ADT] [7].

A variety of additional genetic alterations driving prostate cancer have been analyzed, 

although it is unclear if they represent distinct molecular subtypes of prostate cancer. 

Transcriptome analysis has revealed several of these gene modifications including tumor 

suppressor deletions, namely PTEN, RB1, and TP53, androgen receptor amplification and 

rearrangements, RTK-Ras-MAPK pathway aberrations such as SPINK1 overexpression 

[5,8], and ETS family transcription factor rearrangements, such as TMPRSS2:ERG fusion 

[3,5,9]. Interestingly, previous studies have shown strong associations between CHD1 

deletion, prostate specific antigen [PSA] recurrence, and absence of ERG fusion, suggesting 

that CHD1 may play a role in ERG rearrangements [2,9,10]. In order to further define 

previously described, but partially understood, molecular subtypes of prostate cancer, this 

pilot study examines whether there is an independent correlation between CHD1, PTEN, 

ERG, and SPINK1 status and response to ADT.

MATERIALS AND METHODS

Patient classification

Nadir PSA after androgen deprivation has been shown to predict overall survival from 

metastatic prostate cancer [11]. For this IRB-approved pilot study, we retrospectively 

identified 11 patients with prostate cancer who underwent radical retropubic prostatectomy, 

subsequently developed advanced disease or a biochemical recurrence, and had received at 

least 7 months of ADT at our institution. We dichotomized the responses of this post-

prostatectomy cohort into undetectable [PSA <0.2 ng/mL; n=8] and detectable [PSA >0.2 

ng/mL; n=3] according to their serum PSA nadir after 7 months of ADT [11,12].
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Tissue microarray [TMA]

TMA was generated from their formalin-fixed paraffin-embedded [FFPE] from the radical 

prostatectomy and lymphadenectomy [when available] specimens. The TMA includes 

normal prostatic glands and stroma, major tumor foci [up to 3 foci], high-grade prostatic 

intraepithelial neoplasia [HGPIN], intraductal carcinoma, and metastatic tumor from the 

lymph node.

Immunohistochemistry

Immunohistochemical stains for PSA, AR, PTEN, ERG and SPINK1 were performed on the 

TMA. To confirm gene expression in prostate cancer tissue samples, any significant staining 

[1+ to 3+ intensity] was considered positive for this study. The assessment for loss of PTEN 

was based on previously reported methods previously published by Lotan et al., which has 

been shown to be highly concordant to PTEN deletion by FISH [13]. The antibodies used 

included BOND prediluted Prostate Specific Antigen [35H9] mouse monoclonal antibody, 

Cell Marque prediluted Androgen Receptor [SP107] rabbit monoclonal antibody, Cell 

Signaling PTEN [D4.3] XP rabbit monoclonal antibody at 1:50 dilution, DAKO ERG 

[M7314] rabbit monoclonal antibody at 1:100 dilution, and Novusbio SPINK1 [4D4] mouse 

monoclonal antibody at 1:250 dilution.

Fluorescence in situ hybridization [FISH]

Fluorescence in situ hybridization [FISH] analysis for CHD1 and ERG rearrangements was 

performed using TMA. ERG gene rearrangement was assessed using break-apart 

fluorescence in situ hybridization assay as described previously [9,14,15]. Bacterial artificial 

chromosomes [BACs] were obtained from the BACPAC Resource Center [Oakland, CA, 

USA]. For detection of ERG rearrangement and TMPRSS2-ERG fusion, we used the 

following probes: RP11–95I21 [5’ to ERG] and RP11–476D17 [3’ to ERG] and RP11–35C4 

[5’ to TMPRSS2]. We utilized the ARES™ Alexa Fluor® DNA Labeling Kit, which 

provides a two-step method DNA with Alexa Fluor® 555,488 and 647 dyes, respectively. 

For detection of CHD1 deletion we utilized a gene-specific DNA probe [RP11–432N19] and 

reporter probe that corresponded to pericentromeric sequence of Chr5q21 locus [RP11–

929P16], Alexa Fluor® 647 and 555- labeled]. Gene mutation status was evaluated by 

counting spots for each probe in 50–100 non- overlapping, intact, interphase nuclei in which 

both chromosomes were identified.

Confocal microscopy

Labeled samples were scanned using a confocal microscope [Zeiss LSM 510 META, 100× 

objective]. Image stacks of 300 nm z-step size were captured and analyzed using Imaris 

Software [Bitplane]. Gene rearrangement and copy number were evaluated by scoring spots 

in morphologically intact, non-overlapping interphase nuclei as described previously.

Analysis of results

Fisher’s exact test was performed to test the association between biomarker loss and 

response to ADT.
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RESULTS

PSA and tumor characteristics

In the 11 patients in this pilot study, the PSA at diagnosis ranged from 4 to 25.7 ng/mL with 

an average of 12.7 ng/mL. Gleason score on initial biopsy ranged from 6 to 9, whereas 

Gleason score after prostatectomy ranged from 7 to 9, as a result of upgrading in 3 patients 

and of downgrading in 2 patients. PSA prior to ADT initiation ranged from 0.14 to 24.55 

ng/mL, and after 7 months of therapy, all patients achieved a decrease in PSA [Table 1]. 

Nine out of 11 patients had at least one positive margin identified in their prostatectomy 

tissue; no correlation was identified between margin status and response to ADT.

FISH and immunostaining

There was heterogeneity of FISH and marker detection by immunohistochemistry in 

different foci of the tumors. PSA was expressed in all normal tissue, high-grade prostatic 

intraepithelial neoplasia [HGPIN], and lymph node tumors; it was also expressed in all 

intraductal carcinoma and invasive foci, with the exception of one case [Figure 1A]. AR was 

expressed in all tissues except for one invasive focus in a single case [Figure 1B].

PTEN was expressed in all normal tissue and lymph node tumors [Figure 1C]. PTEN loss 

was seen in 1 of 3 HGPIN specimens, 2 out of 3 intraductal carcinomas, and 2 out of 25 

invasive foci specimens. In the 2 specimens where PTEN loss is seen in intraductal 

component, PTEN loss is not seen in all invasive foci [Figure 1D]

SPINK1 was expressed in 1 of 3 HGPIN specimens and 2 of 25 invasive foci specimens. It 

was not expressed in any normal, intraductal, or lymph node tumor specimens.

ERG expression was not expressed in any normal tissue or HGPIN specimens. ERG was 

expressed in 2 out of 3 intraductal carcinomas, 6 out of 25 invasive foci, and 1 out of 4 

lymph node tumors.

CHD1 deletion was detected in 11 out of 25 invasive foci and 1 out of 4 lymph node tumors. 

Copy number gain [CNG] was detected in 2 out of 25 invasive foci and 1 out of 4 lymph 

node tumors. All remaining tissues had no detectable copy number changes in CHD1 

[Figure 2, Table 2].

Biomarker correlation

No statistically significant correlations between CHD1, PTEN, ERG, and SPINK1 status 

were observed across prostate tissues [Table 3].

Molecular subtype correlation with ADT Response after 7 Months

There were no statistically significant correlations between response to ADT after 7 months 

and PSA expression [p = 1], AR expression [p = 0.273], PTEN loss [p = 0.236], ERG 

overexpression [p = 0.491], SPINK overexpression [p = 0.491], and CHD1 status [p = 1] 

[Table 4].
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DISCUSSION

In this era of personalized medicine, many research efforts in oncology have focused on 

creating targeted therapies based off of tumor genetics. In this pilot study, we analyzed the 

correlation between a variety of genetic alterations, including CHD1 deletions, with 

response to ADT after at least 7 months in men with prostate cancer. Using data from the 

Southwest Oncology Group Trial 9346, Hussain et al., demonstrated PSA after 7 months of 

ADT to be asurrogate for survival in patients with metastatic prostate cancer, with 4 ng/mL 

or less correlating with improved survival. When PSA is 0.2 ng/mL or less, risk of death was 

calculated to be one-fifth of that for those with a PSA greater than 4 ng/mL [11]. More 

recently Harshman et al., performed a retrospective survival analysis, which included 719 

men randomized to receive either ADT and docetaxel or ADT alone. They report that PSA 

less than or equal to 0.2 ng/mL at 7 months after ADT, irrespective of docetaxel use, 

correlates with improved overall survival [16]. While we did not find any significant 

correlation between genetic status and response to ADT at 7 months, subsequent studies 

should evaluate long term survival in these patients to further validate this predictor of 

survival.

CHD1 deletions occur in a major subset of prostate cancers, but the clinical outcomes of 

patients with this molecular subtype are poorly defined. In our exploratory study, there was 

no significant association between response to ADT and CHD1 status. Unlike our results, 

Stein et al. observed a statistically insignificant but positive association demonstrating tumor 

sensitivity to ADT and AT-101, a small molecule Bcl-2 inhibitor, for CHD negative patients 

[7]. Moreover, findings by Kari et al. suggest that CHD1 is involved in recruitment of 

homologous recombination repair proteins to double stranded DNA breaks. Homologous 

repair in CHD1 negative prostate tissue is not optimal, leading to genomic instability and 

tumorigenesis [6,17]. These results indicate that PARP [poly ADP ribose polymerase] 

inhibitors, which target homologous repair proteins, may be an effective personalized 

therapeutic option for patients with CHD1 negative tumors [6]. In addition to correlating 

CHD1 status with response to first- and second-line ADT and other chemotherapies, futures 

studies should be directed at outlining natural disease progression of CHD1 negative tumors 

as well as clinical prognosis [18,19]. Furthermore, Huang et al., used comparative genomic 

hybridization to demonstrate that deletion is the most common molecular alteration in 

CHD1 in prostate cancer tissue samples [3]. In our study CHD1 deletion was the most 

common alteration observed, but we also detected CHD1 copy number gain in samples from 

two patients. While most research links CHD1 deletion with aggressive, castrate-resistant 

prostate cancers, it is possible that different CHD1 genetic alterations may play distinctive 

roles in other, less invasive molecular subtypes of prostate cancer. Future directions should 

be aimed at evaluating how these genetic alterations in CHD1 affect tumorigenesis and 

correspond to disease progression.

Gene rearrangements of the ETS transcription factor family are estimated to be present in 

40–50% of all prostate cancers [20,21]. ERG mutations, specifically fusion between ERG 

and TMPRSS2, are some of the most common rearrangements involving the ETS family. 

When TMPRSS2:ERG fusion occurs, the ERG oncogene is overexpressed [ERG positive], 

leading to the over expression of androgen-driven genes and tumorigenesis. Our study did 
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not show any statistically significant relationship between CHD1 status and ERG 

rearrangements. In contrast to our results, several prior studies have independently shown a 

negative association between CHD1 deletions and TMPRSS2: ERG fusion, indicating that 

absence of CHD1 may prevent ERG rearrangements [2,9,22]. Moreover, we did not find a 

significant link between ERG status and response to ADT. However, one study examining 

the effects of ADT on various molecular subtypes of prostate tumors showed that in 

TMPRSS2: ERG positive tumors, certain genes, namely CHGA, are upregulated after ADT. 

Such genetic changes may lead to neuroendocrine differentiation and progression to 

castrate-resistant prostate cancer. Therefore, the role of ADT in this molecular subset of 

patients is unclear [23].

Unlike CHD1, many groups have looked at clinical outcomes in the setting of ERG 

rearrangements. In a retrospective analysis by Berg et al., patients with ERG positive tumors 

were more likely than those with ERG negative tumors to progress on active surveillance 

within 2 years [58.6% [95% confidence interval (CI), 48.7–68.5] vs. 21.7% [95% CI, 14.3–

29.1]]. They defined progression as stage >cT2b, PSA doubling time <3 years, Gleason 

score upgrade, or greater than 3 or bilaterally positive cores. Overall ERG positive tumors 

were identified as a predictive factor for progression from active surveillance [hazard ratio 

(HR), 2.45; 95% CI, 1.62–3.72; p < 0.0001] [25]. Furthermore, mouse models have 

demonstrated increased bone, limb, and spine metastases in individuals with 

TMPRSS2:ERG fusion, which interestingly correlate with sites of the most common 

prostate metastases in humans [26].

In contrast, a prospective study looking to correlate ERG status with clinical outcomes 

reported that after a median follow-up of 12.6 years no correlation was demonstrated 

between ERG over expression and lethal prostate cancer [HR, 0.93; 95% CI, 0.611.43]. In 

this case, lethal prostate cancer was defined as distant metastases or prostate cancer-specific 

mortality. There was also no association between ERG status and risk of biochemical 

recurrence [HR, 0.99; 95% CI, 0.78–1.26] [21]. Corroborating these findings, Johnson et al. 

proposed no correlation between ERG positive tumors and prostate cancer specific mortality 

in tumors untreated with any ADT or pharmacologic therapies [5].

Because of the prevalence of ETS-family fusions, some have suggested classifying tumors 

into “ETS fusion” and “ETS non-fusion” type cancers [27]. However, the aforementioned 

studies highlight the uncertain prognostic nature and clinical significance of ERG status in 

prostate cancer. To address these inconsistencies, Tsourlakis et al., analyzed all 1592 tumor 

blocks in 125 prostate cancer patients and found 89% ERG heterogeneity within tumors. 

The data suggests that although ERG fusions are extremely common, their expression varies, 

which may reflect clinical outcomes [28]. These findings underscore the need for 

randomized clinical trials to determine any definitive links between ETS-family fusion and 

response to various therapies, including ADT.

SPINK1, or serine peptidase inhibitor kazal type 1, is a protein in the RTK-Ras-MAPK 

pathway, which may facilitate cellular invasion via epidermal growth factor when expressed 

in high levels. Approximately 10% of TMPRSS2:ERG negative tumors overexpress SPINK1 

[23]. Despite these previously described correlations, our results failed to show any 
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significant association between SPINK1 and CHD1 or ERG status. A study by Johnson et al. 

reported that when compared to triple negative tumors [i.e., ERG negative, ETS negative, 

and SPINK1 negative], SPINK1 overexpression was predictive of prostate cancer specific 

mortality, as indicated by biochemical recurrence [HR 3; 95% CI, 1.1–8] and distant 

metastases [HR 2.48; 95% CI, 0.96–6.4]. An important consideration is that the tissue 

samples in this report had not been treated with any form of ADT or pharmacologic therapy, 

unlike those in our study, underscoring the need for larger studies to elaborate upon our 

results [5]. We also found no correlation between SPINK1 and response to ADT. Prior work 

concerning the effects of SPINK1 overexpression on response to ADT is largely 

indeterminate as well [23].

Deletion of phosphatase and tensin homolog [PTEN], a tumor suppressor gene, has been 

associated with castrate-resistant metastatic prostate cancer and other markers of poorer 

prognosis, such as higher Gleason score and seminal vesicle infiltration [29]. PTEN 

deletions have been reported to underlie approximately 50% of castrate resistant prostate 

cancers [30]. Our results support these prior studies, as the patients in 3 out of the 4 samples 

with PTEN aberrations had either metastatic or nodal disease. PTEN deletion has a high 

correlation with TMPRSS2: ERG rearrangements, and when found together, correlate with 

shorter progression-free survival in prostate cancer patients post-prostatectomy [31]. To the 

contrary, our findings did not identify any significant association between PTEN deletion 

and the status of other biomarkers.

PTEN deletions have been found more frequently in intraductal carcinomas [IDC] than other 

aggressive prostate cancers [32]. IDC in localized prostate cancer is suggestive for 

development of high grade and advanced stage disease [33]. IDC on surgical pathology in 

patients with a Gleason score of 6 has been shown to be prognostic for aggressive and 

invasive cancer, despite the usual dogma that Gleason 6 disease is unlikely to progress [34–

36]. Furthermore, patients with ICDs have been shown to be poor responders to ADT [37]. 

In our study, we did observe two specimens where PTEN deletion was observed in an 

intraductal component but not in accompanying invasive foci. However, these results did not 

correspond with response to ADT.

There are several limitations to our pilot study. Most notably, this study was exploratory in 

character with the goal of establishing proof of principle. With a preliminary sample size of 

11 patients, it is certainly possible that significant correlations may be revealed if our study 

was larger. In addition, prostatectomies were performed at various locations without 

standardization of technique or performance of lymph node dissection. In terms of our 

pathologic analysis, our AR staining was unable to be stratified by percentage and staining 

intensity because our sample size was limited. Additionally, the punch cores used for our 

TMA are small and are subject to sampling error. Lastly, our TMA was created using radical 

prostatectomy specimens, and CHD1 expression could vary between primary and metastatic 

tumors. To the best of our knowledge, our study is the only one to specifically ascertain 

associations between CHD1 status and response to ADT after 7 months. Our findings 

highlight the need to design future studies to determine how alterations in the prostate cancer 

genome allow for personalized therapeutics and influence disease prognosis. Ultimately, 

future directions may include analyzing the correlation between genomic alterations and 
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RNA expression levels to gain more insight into the molecular underpinnings behind various 

prostate cancer subtypes.

CONCLUSION

The natural disease history of prostate cancer is heterogeneous, but recently many research 

efforts have concentrated on defining tumor molecular profiles to better personalize 

treatment plans. Our study does not demonstrate any correlation between CHD1 status and 

response to ADT after at least 7 months of therapy. We also did not find any significant 

association in co-occurrence between tumor markers. Additional studies are required to 

delineate how CHD1 status, as well as other potential biomarkers, influence response to 

ADT.
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ABBREVIATIONS

PSA Prostate Specific Antigen

AR Androgen Receptor

ADT Androgen Deprivation Therapy

FISH Fluorescence in Situ Hybridization

TMA Tissue Microarray

HGPIN High-Grade Prostatic Intraepithelial Neoplasia
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Figure 1. 
Immunohistochemistry demonstrating [A] Positive PSA expression, [B] Positive AR 

expression, [C] Intact PTEN expression, and [D] PTEN loss in TMA analysis of prostate 

cancer specimens; white bar= 200 μg.
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Figure 2. 
Representative sample of FISH demonstrating copy number variation [CNG] of CHD1.
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