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Abstract

Background: Small cell neuroendocrine carcinoma (SCNC) of the prostate is an aggressive 

subtype with frequent TP53 mutation and RB1 inactivation, however the molecular phenotype 

remains an area of investigation. Here, we compared telomere lengths in prostatic SCNC and 

usual-type prostatic adenocarcinoma (AdCa).

Methods: We studied 32 cases of prostatic SCNC (including 11 cases with concurrent AdCa) and 

347 cases of usual-type AdCa on tissue microarrays. Telomere lengths in tumor cells were 

qualitatively compared to that in normal cells using a telomere-specific fluorescence in situ 
hybridization assay. ERG, PTEN and TP53 status were assessed in a proportion of cases using 

genetically validated immunohistochemistry protocols. Clinical-pathologic and molecular 

characteristics of cases were compared between telomere groups using the chi-square test.

Results: A significantly higher proportion of prostatic SCNC cases (50%, 16/32) showed 

normal/long telomeres compared to AdCa cases (11%, 39/347; p<0.0001). In 82% (9/11) of cases 

with concurrent SCNC and AdCa, the paired components were concordant for telomere length 
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status. Among AdCa cases, the proportion of cases with normal/long telomeres significantly 

increased with increasing tumor Grade Group (p=0.01) and pathologic stage (p=0.02). Cases with 

normal/long telomeres were more likely to be ERG positive (p=0.04) and to have TP53 missense 

mutation (p=0.01) compared to cases with short telomeres.

Conclusions: Normal or long telomere lengths are significantly more common in prostatic 

SCNC compared to AdCa and are similar between concurrent SCNC and AdCa tumors supporting 

a common origin. Among AdCa cases, longer telomere lengths are significantly associated with 

high risk pathologic and molecular features.
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1. INTRODUCTION

Telomeres are repetitive DNA elements located at chromosomal ends that are essential for 

maintenance of genomic integrity (1, 2). With each cell division, telomeres shorten due to 

incomplete DNA replication on the lagging strand (3). Cancer cells often have critically 

shortened telomeres compared to surrounding normal cells, likely due to their high 

proliferative rate, and these critically short telomeres promote genomic instability (4, 5). 

Most tumors are able to activate telomerase to stabilize telomeric ends, enabling the capacity 

for unlimited replication (6), while others undergo telomerase-independent telomere 

lengthening by the recombination-based mechanism called alternative lengthening of 

telomeres (ALT) (7, 8). In prostate cancer, telomere shortening is common in precursor and 

invasive prostatic adenocarcinomas, and measures of both tumor cell and stromal cell 

telomere length are associated with risk of death from prostate cancer (9, 10). Using a robust 

telomere-specific fluorescence in situ hybridization (FISH) assay that provides relative 

telomere lengths on a per cell basis, we previously observed that men with more variable 

telomere lengths in their cancer cells (in addition to shorter stromal cell telomeres) had a 

significantly increased risk of prostate cancer death compared to men with less variable 

cancer telomeres (and longer stromal telomeres) (11). To date, however, the histologic and 

molecular correlates of telomere length or telomere length variability in prostate cancer 

remain unclear.

Small cell neuroendocrine prostate cancer (SCNC) is a rare but extremely aggressive 

histologic subtype in which the median survival is of around 6 months (12). SCNC is 

characterized by distinct morphologic features, an extremely high proliferative rate 

compared to usual type prostatic adenocarcinoma (AdCa), with increased expression of 

neuroendocrine and neural associated genes and loss of androgen receptor (AR) expression 

and downstream signaling in many cases (13, 14). Molecularly, prostatic SCNC is similar to 

lung SCNC, with frequent inactivation of the RB1 and TP53 tumor suppressors (15–18). In 

the prostate, SCNC occurs only rarely in the primary setting and more commonly arises due 

to lineage plasticity as a mechanism of resistance to androgen deprivation therapy (ADT) in 

metastatic disease (18, 19). Accordingly, SCNC may occur admixed with AdCa, and the two 

components are frequently clonally related (13, 20).
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Given the unique clinical and molecular features of prostatic SCNC and its highly 

proliferative phenotype, we examined tumor cell telomere length in a cohort of SCNC cases, 

including a subset with concurrent adenocarcinoma. Next, we compared telomere lengths in 

SCNC to a large set of pure adenocarcinomas, enriched for high pathologic grade. We find 

that there is a significantly higher proportion of prostatic SCNC cases with normal or long 

telomeres compared to AdCa cases where telomeres are predominantly short, without 

evidence of ALT in any cases. Interestingly, among AdCa cases, the proportion of cases with 

normal or long telomeres increases with increasing Grade Group and frequency of TP53 
missense mutation.

2. MATERIALS AND METHODS

2.1. Tissue samples

The study was approved by the Institutional Review Board at the Johns Hopkins University 

School of Medicine. Seven separate tissue microarray (TMA) sets were used, including one 

for SCNC (radical prostatectomy, needle biopsy and transurethral resection of the prostate 

[TURP] specimens) which has been previously described (n=32 with informative telomere 

data) (13, 15, 21), and six sets of surgically treated AdCa cases from radical prostatectomy 

specimens, also previously described. SCNC cases were retrieved from the surgical 

pathology and consultation files of the Johns Hopkins Hospitals as previously described in 

detail (15) and were generally diagnosed by established morphologic criteria (12): high 

nuclear-cytoplasmic ratios, with nuclear molding, indistinct nucleoli, nuclear crush artifact 

and visibly high proliferation/apoptotic rate. As previously described (15), the majority of 

these cases were transurethral resections of the prostate (TURP) samples, with a minority 

derived from contiguous site biopsies (bladder, rectum) or radical prostatectomy specimens; 

none were metastatic samples. Prostatic origin was documented for the majority of cases 

using the following criteria: a concurrent or prior history of prostatic acinar carcinoma by 

histologic diagnosis, or positive PSA (prostate specific antigen) immunostaining. Given that 

most cases were derived from consultations, it was not clear how many represented de novo 

SCNC vs. treatment-related SCNC (15). AdCa TMA sets were selected to increase the 

diversity of pathologic Grade Groups analyzed, with a particular focus on higher Grade 

Groups to enable better comparison between the AdCa and SCNC cases. AdCa TMA sets 

included a cohort of patients without germline mutations in HOXB13 (n=94) (22), a cohort 

of European-American patients with Grade Group 3 or higher (n=76) (23), a cohort of 

tumors enriched for cribriform pattern 4 cancer (n=13) (24), a cohort of patients with Grade 

Group 5 cancer (n=70) (25), a cohort of patients with metastatic disease who were 

subsequently treated with abiraterone and enzalutamide (n=50) (26), and cohort of patients 

with cancers ranging from Grade Groups 1–4 (n=72).

LuCaP xenografts (unrelated to cases described above) were grown as previously described 

(27), including 36 AdCa lines and 6 neuroendocrine prostate cancer lines (#49, 77CR, 93, 

145.1, 145.2 and 173.1). Of the neuroendocrine lines, one (#49) was cultured from a patient 

with SCNC (28), while others were classified based in part on SCNC morphology and on 

gene expression/immunohistochemistry analyses (27).
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2.2. Telomere-specific FISH

Telomere lengths were assessed by fluorescence staining for telomeric DNA. Briefly, 

deparaffinized slides were hybridized with a Cy3-labeled peptide nucleic acid (PNA) probe 

complementary to the mammalian telomere repeat sequence [(N-terminus to C-terminus) 

CCCTAACCCTAACCCTAA]. As a positive control for hybridization efficiency, an Alexa 

Fluor 488-labeled PNA probe with specificity for centromeric DNA repeats (CENP-B–

binding sequence; ATTCGTTGGAAACGGGA) was included in the hybridization solution. 

Slides were counterstained with 4’,6-diamidino-2-phenylindole (DAPI) for labeling total 

nuclear DNA as previously described (10, 11) and mounted with Prolong anti-fade mounting 

medium.

As previously described (29, 30), telomere lengths were qualitatively scored in cancer cells 

on TMA spots by direct visual assessment of the stained slides, comparing telomere signals 

from tumor cells to telomere signals from normal cells (normal epithelial cells and/or 

stromal cells) from the same case. In all cases, signals from normal cells were considered 

3+. Telomeres in the tumor cells of different cases ranged from short (1+, 2+) to normal (3+) 

to long (4+, 5+).

2.3. Telomere Q-PCR

Extracted DNA from LuCaP xenografts was re-purified to remove potential residual PCR 

inhibitors using the DNeasy Blood and Tissue kit (Qiagen). Quantitative PCR was used to 

estimate the ratio of telomeric DNA to that of a single copy gene (β-globin) as previously 

described (31) with modification (32).

2.4. Assessment of TERT and TERC expression by RT-qPCR

Extracted RNA from LuCaP xenografts was reverse transcribed using 1μg of RNA using the 

iScript Advanced cDNA synthesis kit (Bio-Rad). As previously described (33), RT-qPCR 

was performed on the equivalent of 50 ng of cDNA using iTaq Universal SYBR Green 

Supermix (Bio-Rad). TERT and TERC expression was normalized to the expression of the 

reference gene, TBP.

2.5. ERG, PTEN and p53 immunohistochemistry

PTEN and ERG IHC were performed on all TMAs using automated assays as previously 

described (22–26, 34). We have previously published that these assays are highly sensitive 

and specific for the presence of underlying PTEN gene deletion and ERG gene 

rearrangement by gold-standard fluorescence in situ hybridization FISH (35, 36). Briefly, 

the PTEN protocol uses the Ventana automated staining platform (Ventana Discovery Ultra, 

Ventana Medical Systems, Tucson, AZ) and a rabbit anti-human PTEN antibody (Clone 

D4.3 XP; Cell Signaling Technologies, Danvers, MA). The assay was blindly scored by a 

urologic pathologist (TLL) using a genetically validated scoring system. A tumor biopsy 

was considered to have PTEN protein loss if the intensity of cytoplasmic and nuclear 

staining for PTEN was markedly decreased or entirely negative across >10% of tumor cells 

compared to surrounding benign glands and/or stroma, which provide internal positive 

controls for PTEN protein expression. If the tumor showed PTEN protein expressed in 

>90% of sampled tumor glands, the tumor was scored as PTEN intact. If PTEN was lost in 
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<100% of the tumor cells sampled in a given core, the core was annotated as showing 

heterogeneous PTEN loss in some, but not all, cancer glands (focal loss). Alternatively, if 

the core showed PTEN loss in 100% of sampled tumor glands, the core was annotated as 

showing homogeneous PTEN loss. Finally, a small percentage of cores were scored as 

having ambiguous PTEN IHC results. This occurred when the intensity of the tumor cell 

staining was light or absent in the absence of evaluable internal benign glands or stromal 

staining.

ERG immunohistochemistry was performed on the Ventana Benchmark autostaining system 

using a rabbit monoclonal antibody (EPR 3864) after antigen retrieval in CC1 buffer 

followed by detection with the Optiview HRP system (Roche/Ventana Medical Systems, 

Tucson, AZ). Each TMA spot containing tumor was visually dichotomously scored for 

presence or absence of nuclear ERG signal by a urologic pathologist blinded to the gene 

expression data (TLL). A spot was considered to be ERG-positive if any tumor nuclei 

showed ERG positivity, utilizing endothelial cells as an internal positive control in all cases. 

A tumor was considered ERG positive if any sampled spots were scored as ERG positive, 

and as ERG negative if all sampled spots were scored as ERG negative.

p53 IHC was performed on the Ventana Benchmark autostaining system using a mouse 

monoclonal antibody (BP53–11) after antigen retrieval in CC1 buffer followed by detection 

with the iView HRP system (Roche/Ventana Medical Systems, Tucson, AZ). Each tissue 

microarray spot containing tumor cells was visually dichotomously scored for presence or 

absence of nuclear p53 accumulation by a urologic pathologist (TLL). A spot was 

considered to show p53 nuclear accumulation if >10% of tumor nuclei showed p53 

positivity. A tumor was considered to show p53 nuclear accumulation if any sampled spot 

was scored as p53-positive, and as lacking p53 nuclear accumulation if all sampled spots 

were scored as p53 negative. Nuclear accumulation of p53 by this assay is more than 90% 

sensitive and specific for the presence of an underlying missense mutation in TP53, which 

generally stabilizes the protein (26, 37). Notably, this assay does not detect other loss-of-

function alteration in TP53, such as frame shift mutations, splice site mutation or 

homozygous deletions.

2.6. Statistical analysis

For statistical analyses, the normal and long telomere groups were combined and compared 

to the short telomere group for a dichotomized scoring system. Medians and proportions for 

clinical-pathologic and molecular characteristics were calculated by sample set (AdCa vs. 

SCNC) stratified by dichotomized telomere status (short vs. normal/long). Chi-square test 

was used to compare proportions. Kaplan-Meier curves were used to visualize time-to-event 

data. All statistical tests were two-sided, with p<0.05 considered to be statistically 

significant.

3. RESULTS

Using a robust telomere FISH assay, telomere lengths in tumor cells were qualitatively 

compared to that in adjacent benign cells. Initially, we assessed 37 cases of prostatic SCNC. 

Telomere length was evaluable in 86% (32/37) of cases. Of these, 50% (16/32) harbored 
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normal/long telomeres (Figure 1A,C). In contrast to a subset (3/13; 23%) of SCNC arising in 

the bladder (38), none of these prostatic SCNC cases displayed ultra-bright telomeric foci 

indicative of ALT. Additionally, there were no discernable associations with previously 

reported RB1, p53, PTEN, or ERG status in these tumors (Table 1) (15).

In some cases of prostatic SCNC, the tumor likely arises from transdifferentiation of an 

adenocarcinoma (AdCa) occurring in the same patient (39). In many cases, both tumor 

components (SCNC and AdCa) are sampled and we and others have previously shown that 

they are frequently clonally related based on ERG rearrangement and other molecular 

markers (13, 20, 40). Thus, we examined telomere length in 11 evaluable cases of concurrent 

SCNC and AdCa, including 7 with normal or long telomere length, and comprising a subset 

of the total 32 SCNC cases. Strikingly, there was concordance of telomere length for the 

SCNC and AdCa components in 82% (9/11) of cases, supporting the notion that these two 

components share a common origin and molecular phenotype in many cases (Figure 2, Table 

2).

Next, for comparison to the prostatic SCNC cases, we studied cancer cell telomere lengths 

in prostatic AdCa cases at radical prostatectomy using previously constructed tissue 

microarray (TMA) sets, many of which were designed to enrich for cases with adverse 

pathologic features and outcomes. Of 361 unique cases present in these TMA sets, 96% 

(347/361) were evaluable for telomere lengths. A significantly lower proportion of AdCa 

cases (11%, 39/347; p<0.0001) displayed normal/long telomere lengths compared to SCNC 

cases (50%, 16/32) (Figure 1B, D). However, the prevalence of normal/long telomeres in 

AdCa cases varied significantly by Grade Group (GG), with only 4% (3/81) of GG1 tumors 

showing normal/long telomeres compared to 19% (20/106) of GG5 tumors (p=0.01) (Table 

3, Figure 3). A similar association was seen for increasing pathologic stage among AdCa 

cases (p=0.02). Interestingly, we also observed an association of telomere length with self-

identified race, with 24% (7/29) of non-white patients harboring tumors with normal/long 

telomeres, compared to 10% (32/313) of white patients (p=0.02).

Next, we examined association of telomere length with other genomic alterations in the 

AdCa cohorts. Data for ERG, PTEN and p53 status, using genetically validated and 

previously reported immunohistochemistry (IHC) assays (22, 23, 25, 26, 34), were available 

for the majority of the AdCa cases with telomere length data (Table 3, Figure 4). Compared 

to cases with short telomeres, cases with normal/long telomeres were more likely to be ERG 

positive (60% or 21/35 vs 42% or 113/270; p=0.04) and to have p53 nuclear accumulation 

signifying underlying TP53 missense mutation (33% or 9/27 vs. 14% or 26/187; p=0.01). Of 

note, in a rare AdCa case where there was distinctive heterogeneity of telomere length 

within the sampled tumor, this heterogeneity seemed to correlate with apparent subclonal 

tumor gland populations based on PTEN status (Figure 4). In order to begin to assess 

whether telomere lengths were associated with telomerase levels, we also measured TERT 
and TERC gene expression in a set of previously described patient-derived xenografts 

(LuCaP xenografts), a small subset of which were classified as neuroendocrine prostate 

cancer (NEPC) based on morphology and immunohistochemical staining (41). However, we 

did not observe any associations between telomere content (as measured by telomere-

specific Q-PCR) and TERT or TERC gene expression level (Supplemental Table S1). Taken 
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together, these data suggest that cancer cell telomere lengths may be associated with 

underlying molecular phenotypes in prostatic AdCa, though there does not appear to be a 

clear association with telomerase gene expression in xenograft models.

Next, we assessed the association between cancer cell telomere length category and 

biochemical recurrence-free survival among a cohort of 54 surgically-treated and 

molecularly characterized GG5 AdCa cases with primary Gleason pattern 5 (Gleason Score 

5+4=9 and 5+5=10) (42). While no apparent association was observed, because of the small 

cohort size and retrospective nature of these data, more definitive conclusions could not be 

derived (Supplemental Figure S1). Finally, since these cases had previously reported 

targeted sequencing data available, we also examined whether telomere length was 

associated with a specific mutational profile, however there was no readily apparent 

correlation between cancer cell telomere lengths and common genomic alterations in this 

cohort, such as DNA damage repair gene deficiency (Supplemental Table S2).

4. DISCUSSION

Telomeres consist of a highly conserved, repetitive hexanucleotide sequence (TTAGGGn) 

that are bound by the shelterin protein complex to stabilize eukaryotic chromosomal ends. 

Since telomeres shorten with each cell division, they play an integral role in ensuring finite 

cellular replicative capacity. In normal cells, with intact cell cycle checkpoint proteins such 

as p53 and RB1, progressive telomere shortening induces cellular senescence or apoptosis 

(2, 43). However, abrogation of these checkpoints – which frequently occurs in cancer cells 

– leads to aberrant cell proliferation and ultimately results in critically shortened telomeres. 

This, in turn, can compromise genomic integrity by driving additional somatic copy number 

alterations, aneuploidy, and DNA rearrangements. Along these lines, previous studies of 

prostate cancer have shown significant telomere shortening in cancer cells compared with 

normal epithelial cells (9, 44). This appears to be an early event, occurring even in prostatic 

intraepithelial neoplasia (PIN), the presumed precursor lesion to prostatic adenocarcinoma 

(9, 45). However, even in the absence of intact cell cycle checkpoints, critically short 

telomeres will ultimately limit the number of viable cell divisions leading to genomic 

catastrophe. Accordingly, cancer cells must activate a telomere maintenance mechanism, 

either through upregulation of telomerase or by the telomerase-independent mechanism, 

ALT. In mouse tumor models driven by transgenic oncogene expression, such as Myc or 

KrasG12D, it is notable that animals with longer telomeres at baseline develop more 

aggressive tumors (46, 47).

In this study, we found that small cell neuroendocrine prostate cancer – the most aggressive 

histologic variant of the disease – very commonly harbors normal or even long cancer cell 

telomeres compared to the surrounding stromal cells. While short telomeres in cancer cells 

are the norm in prostatic adenocarcinomas, occurring in nearly 90% of cases we studied, 

only half of small cell carcinomas (SCNC) had short telomeres. Because there is no 

evidence of ALT in prostatic SCNC (38), these data suggest that prostatic SCNC reactivates 

telomerase, perhaps early during its progression, thereby maintaining telomere length and 

supporting the high proliferation rate that is characteristic of these tumors. While we did not 

observe associations between TERT expression, telomere content, and cancer type (NEPC 
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vs AdCa) in the patient-derived xenografts, Lung SCNC, which shares many genomic and 

clinical-pathologic features with prostatic SCNC, has been shown to have increased 

telomerase expression and activity when compared to non-SCNC lung cancers or lower 

grade neuroendocrine carcinomas of the lung (48–52). Notably, TERT promoter mutations 

are not seen in lung SCNC (53), thus the mechanism of this increase in telomerase 

expression and activity in lung SCNC remains to be elucidated.

In the current study, we found that telomere lengths are generally similar between SCNC 

and concurrently occurring AdCa tumors in the prostate, supporting the notion that they 

share a common origin and suggesting that there may be underlying clonal genomic 

alterations associated with the telomere length phenotype. Consistent with this hypothesis, 

we found that some aggressive subsets of adenocarcinoma – such as those with very high-

grade or pathologic stage – are highly enriched for normal/long cancer cell telomere lengths. 

Tumors with ERG gene rearrangement or TP53 mutation also were more likely to have 

normal/long telomeres compared to those without these alterations. The association with 

ERG is puzzling, especially given that ERG expression is not associated with aggressive 

prostate cancer (54). Future studies are necessary to substantiate this association and 

investigate possible mechanisms for this effect. The association of TP53 mutations with 

telomere length has been previously reported in other tumor types (55) and may be due in 

part to a direct or indirect effect of TP53 inactivation on telomerase expression (56–58). This 

is a particularly intriguing hypothesis given that prostatic SCNC has extremely high rates of 

TP53 loss and future studies may examine this potential mechanism in more detail. 

However, in prostate cancer, since TP53 mutation prevalence also increases with tumor 

grade (37), it is possible that the association between TP53 mutations and telomere length 

may be confounded by the underlying correlation of telomere length with Grade Group. 

Despite the association of longer cancer cell telomere lengths in adenocarcinomas with 

TP53 mutation and higher grade, we did not see evidence for an association of long telomere 

length with clinical outcomes, such as metastasis, independent of grade. In a cohort of very 

high-grade adenocarcinomas with previously reported clinical follow-up, stratification by 

telomere length category was not significantly associated with time to metastasis. However, 

it must be noted that our previous large study linking telomere alterations with progression 

to metastasis and prostate cancer death (11) specifically used quantitative image analysis to 

measure telomere length variability (cell-to-cell) among prostate cancer cells, not overall 

length per se, in combination with telomere lengths in prostate cancer–associated stromal 

cells. Finally, ALT has not been reported in primary prostatic adenocarcinoma (38), now 

including in prostatic SCNC, although we have identified a lethal, metastatic case that was 

associated with a clear clonal evolution in which a late developing subclone showed a 

genomic ATRX inversion (59).

In summary, we investigated cancer cell telomere lengths in a cohort of SCNC, including a 

subset with concurrent AdCa, as well as AdCa cohorts; all of which had extensive molecular 

phenotyping data. The fact that telomere lengths are similar between concurrent SCNC and 

AdCa tumors supports a common histogenesis for these two components. The finding that 

telomere lengths are longer in prostatic SCNC relative to most AdCa cases is unexpected 

and suggests the potential for early reactivation of telomerase in these tumors. Finally, we 
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demonstrate that longer telomere lengths are significantly associated with high risk 

pathologic and molecular features in AdCa, thereby warranting further prospective studies.

Supplementary Material
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Figure 1. Telomere length analysis by FISH.
(A, C) A small cell carcinoma case shows extremely bright telomere signals (indicative of 

longer telomeres) in the cancer cells (*) when compared to the surrounding benign stroma. 

(B, D) In contrast, this representative adenocarcinoma case shows greatly reduced telomere 

signals in the cancer cells (*) as compared to the surrounding benign stroma. The 

centromere DNA, stained with the FITC-labeled centromere-specific peptide nucleic acid 

probe, has been omitted from the image to emphasize the differences in telomere lengths. 

Original magnification × 400.
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Figure 2. Telomere-specific FISH in a case with small cell carcinoma and adenocarcinoma 
components.
In a representative case, the telomere signals are robust in the cancer cells (*) from both the 

(A, C) small cell carcinoma and the (B, D) concurrent adenocarcinoma. In all images, the 

DNA is stained with DAPI (blue) and telomere DNA is stained with the Cy3-labeled 

telomere-specific PNA probe (red). The centromere DNA, stained with the FITC-labeled 

centromere-specific peptide nucleic acid probe, has been omitted from the image to 

emphasize the differences in telomere lengths. Original magnification × 400.
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Figure 3. Telomere length status by histologic diagnosis.
There is a step-wise increase in the prevalence of normal/long telomere lengths among 

adenocarcinoma cases with increasing Grade Group category. Prostatic small cell carcinoma 

cases show the highest prevalence of normal/long telomere lengths. The numbers over each 

bar represent the total number of cases examined for each category.
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Figure 4. Heterogeneity in telomere lengths and ERG/PTEN status in prostatic adenocarcinoma.
In this rare adenocarcinoma case with dramatic telomere length heterogeneity, the telomere 

signals are robust, thereby marking the relatively longer telomeres, in a distinct subset of 

tumor glands (as outlined on the bottom panel). While the entire tumor expresses ERG 

(signifying a clonal ERG gene rearrangement in all tumor cells), PTEN is lost in a subset of 

tumor cells (signifying subclonal underlying PTEN genomic inactivation). The subset of 

tumor cells with intact PTEN appears to exclusively overlap with the subclone showing 

extremely long telomeres. In the bottom panel, the DNA is stained with DAPI (blue), 

telomere DNA is stained with the Cy3-labeled telomere-specific PNA probe (red), and 

centromere DNA is stained with an Alexa 488-labeled centromere-specific PNA probe 

(green). Original magnification × 200.
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Table 1.

Telomere lengths and molecular status in small cell neuroendocrine carcinomas of the prostate.

Case # Telomere Length RB1 P53 PTEN ERG

1 Long Neg Pos Intact Neg

2 Long Neg Pos Intact Neg

3 Long Neg Pos Intact Neg

4 Long Neg Neg Lost Neg

5 Long Neg Pos Lost Pos

6 Long Neg Pos Lost Neg

7 Long Neg Pos Lost Neg

8 Long Neg Pos Lost Neg

9 Long Pos N/A Intact N/A

10 Long Pos Pos Intact Neg

11 Normal Neg Neg Intact Neg

12 Normal Neg Neg Intact Neg

13 Normal Neg Pos Intact Pos

14 Normal Neg Neg Lost Neg

15 Normal Neg Pos Lost Neg

16 Normal Pos Neg Lost Pos

17 Short Neg Neg Intact N/A

18 Short Neg Neg Intact Neg

19 Short Neg Neg Intact Pos

20 Short Neg Neg Intact Neg

21 Short Neg Pos Intact Neg

22 Short Neg Pos Intact Neg

23 Short Neg Neg Lost Neg

24 Short Neg Neg Lost Neg

25 Short Neg Neg Lost Neg

26 Short Neg Neg Lost Neg

27 Short Neg Pos Lost Neg

28 Short Neg Pos Lost N/A

29 Short Neg Pos Lost N/A

30 Short Neg Pos Lost N/A

31 Short Neg Pos Lost Neg

32 Short Pos Neg Intact Pos
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Table 2.

Telomere lengths in cases that contained small cell neuroendocrine carcinomas with concurrent 

adenocarcinoma.

Telomere Lengths

Very Short Short Normal Long Very Long

Case 23 SCNC

AdCa

Case 13 SCNC

AdCa

Case 1 SCNC

AdCa

Case 25 SCNC

AdCa

Case 5 SCNC

AdCa

Case 22 SCNC

AdCa

Case 31 SCNC

AdCa

Case 3 SCNC

AdCa

Case 20 SCNC

AdCa

Case 8 SCNC

AdCa

Case 12 SCNC

AdCa
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Table 3.

Clinical-Pathologic and Molecular Characteristics of Adenocarcinoma Cases by Telomere Status

Short telomeres Normal/Long telomeres p value

N 308 39

Clinical characteristics

Median age, Years 59 59

Race, N (%)

 White 281 (92.7) 32 (82.1) 0.02

 Non-White 22 (7.3) 7 (17.9)

Gleason score, N (%)

 6 (Grade Group 1) 78 (25.3) 3 (7.7) 0.01

 3+4 (Grade Group 2) 42 (13.6) 2 (5.1)

 4+3 (Grade Group 3) 71 (23.1) 9 (23.1)

 8 (Grade Group 4) 31 (10.1) 5 (12.8)

 9 and 10 (Grade Group 5) 86 (27.9) 20 (51.3)

Stage, N (%)

 T2 133 (44.2) 8 (20.5) 0.02

 T3a 90 (29.9) 14 (36.0)

 T3b 51 (16.9) 8 (20.5)

 N1 33 (11.0) 9 (23.1)

Molecular characteristics

ERG, N (%)

 Negative 157 (58.1) 14 (40.0) 0.04

 Positive 113 (41.9) 21 (60.0)

PTEN, N (%)

 Intact 171 (63.3) 19 (54.3) 0.30

 Loss 99 (36.7) 16 (45.7)

P53, N (%)

 Nuclear accumulation absent 161 (86.1) 18 (66.7) 0.01

 Nuclear accumulation present 26 (13.9) 9 (33.3)
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