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Abstract

The long noncoding RNA SChLAP1 is overexpressed in a subset of prostate cancers (PCa), and 

high SChLAP1 expression according to in situ hybridization (ISH) independently predicts 

biochemical recurrence after radical prostatectomy. Importantly, although biochemical recurrence 

is a significant clinical outcome, it is not a validated surrogate for PCa-related mortality. Thus, we 
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evaluated the association between SChLAP1 expression and development of lethal PCa in a large 

cohort of American men with PCa and long-term follow-up. SChLAP1 ISH was performed on 

tissue microarrays containing representative formalin-fixed, paraffin-embedded PCa tissue from all 

patients and scored using a semiquantitative method (ISH score range 0–400). Hazard ratios (HRs) 

for the association between SChLAP1 expression and time to development of lethal PCa were 

estimated using multivariable Cox regression analysis. Of the 937 patients evaluated, 89 (9.5%) 

had high SChLAP1 expression (ISH score ≥100), which in patients treated with radical 

prostatectomy was strongly associated with development of lethal PCa independent of age, 

Gleason score, pathologic stage, and PTEN status (HR 2.2, 95% confidence interval 1.1–4.1). 

These results suggest that SChLAP1 may be a useful tissue-based biomarker for identifying PCa 

patients at higher risk of lethal progression.
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Numerous long noncoding RNAs (lncRNAs) have recently emerged as targets for clinical 

translation [1,2]. We previously identified 121 novel, differentially expressed prostate cancer 

(PCa) lncRNAs, including SChLAP1, which is overexpressed in a subset of tumors and 

associated with more aggressive disease [3–5]. We subsequently validated a novel RNA in 

situ hybridization (ISH) assay for detection of SChLAP1 in formalin-fixed, paraffin-

embedded (FFPE) tissue and used this assay to demonstrate that high SChLAP1 expression 

independently predicts biochemical PCa recurrence (ie, prostate-specific antigen [PSA] 

relapse) after radical prostatectomy in patients with clinically localized PCa [6]. Although 

biochemical recurrence almost universally precedes clinical disease recurrence, many PCa 

patients with biochemical recurrence do not develop lethal disease [7]. Given the predictive 

value of SChLAP1 ISH for biochemical recurrence after radical prostatectomy, we sought to 

investigate whether high SChLAP1 expression on ISH is also associated with development 

of lethal PCa (PCa-specific mortality or distant metastases).

We evaluated whether tumor SChLAP1 expression is associated with lethal PCa among PCa 

cases from the Physicians’ Health Study (PHS) and the Health Professionals Follow-up 

Study (HPFS). ISH was performed [6] on tumor tissue available from a biorepository of 

archival prostatectomy tissue. Cox proportional hazard models were used to estimate hazard 

ratios (HRs) and 95% confidence intervals (CIs) for the association between SChLAP1 

expression and time to development of lethal PCa (defined as cancer-related death or 

metastases to bone and/or other organs). Further details of the statistical methods are 

provided in Supplementary Methods. SChLAP1 ISH data were available for 937 PCa 

patients (607 from the HPFS and 330 from the PHS). Clinicopathologic characteristics for 

the study population are shown in Supplementary Table 1. Concordant with our previous 

findings [6], SChLAP1 expression varied among patient samples (Fig. 1). We previously 

validated a SChLAP1 ISH score threshold of 100 (range 0–400) as a statistically significant 

predictor of PSA relapse for clinically localized PCa [6]. Using this threshold we 

categorized cases as high (ISH score ≥100) or low (ISH score <100) SChLAP1 expression 
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and examined the association between SChLAP1 expression and selected clinicopathologic 

parameters (Table 1). High SChLAP1 expression was associated with higher Gleason score 

(GS), pathologic tumor stage, and clinical tumor stage (p < 0.005), and with loss of the 

tumor suppressor PTEN (as assessed by immunohistochemistry; p < 0.0001).

We then evaluated the association between SChLAP1 expression and time to development of 

lethal PCa. Overall, there were 88 lethal PCa events (9.4% of patients; mean follow-up time 

12.8 yr). High SChLAP1 expression was associated with a higher risk of lethal PCa in the 

age-adjusted model (HR 3.3, 95% CI 2.0–5.5; Supplementary Table 2) and remained 

suggestively associated with lethal PCa after adjusting for GS and clinical stage (HR 1.5, 

95% CI 0.9–2.5; Supplementary Table 2). For patients who underwent radical prostatectomy, 

high SChLAP1 expression was significantly associated with a higher risk of lethal PCa 

independent of age at diagnosis, GS, and pathologic stage (HR 2.1, 95% CI 1.1–3.8; 

Supplementary Table 2). High SChLAP1 expression was similarly independently associated 

with PCa-specific death (Supplementary Table 3). Adjusting for PTEN status did not 

meaningfully alter the association between SChLAP1 expression and lethal PCa (HR 2.2, 

95% CI 1.1–4.1; Supplementary Table 4). In all multivariable models, GS and tumor stage 

were significantly associated with the outcome. High SChLAP1 expression was associated 

with lethal PCa among patients with non-advanced clinical tumor stage (T1/T2N0/

NxM0/Mx; HR 2.1, 95% CI 1.1–3.7) but not among patients with advanced clinical tumor 

stage (T3/4N1M1). Similarly, high SChLAP1 expression was associated with lethal PCa 

among patients with relatively low-grade tumors (GS ≤7; HR 4.0, 95% CI 1.7–9.3) but not 

among patients with high-grade tumors (GS >7; Supplementary Table 5).

In the current study, we found high SChLAP1 expression on ISH was associated with lethal 

PCa independent of GS and pathologic stage. We also found that SChLAP1 expression was 

associated with lethal PCa independent of tumor PTEN status, a known poor prognostic 

factor for PCa patients [8,9]. Furthermore, the association between high SChLAP1 

expression and lethal PCa was most apparent in patients with non-advanced clinical stage 

and relatively low-grade tumors; owing to our limited sample size in these stratified 

analyses, however, these findings need to be interpreted with caution. Therefore, our results 

indicate that further clinical investigation of SChLAP1 is warranted in the drive to improve 

patient risk stratification and identify patients who might benefit from adjuvant therapy after 

radical prostatectomy. Further investigation of SChLAP1 could also improve identification 

of patients with non-advanced clinical stage and relatively low-grade tumors who might be 

candidates for active surveillance. A recent study reported higher SChLAP1 expression in 

PCa lymph node metastases, but no prognostic association between SChLAP1 ISH and 

biochemical recurrence or cancer-specific mortality was detected [10]. The lack of predictive 

value in that study may be due to differences in cohort characteristics and composition 

and/or the relatively larger number of patients in our current cohort. Furthermore, Bottcher 

et al [10] used a simple binary definition for SChLAP1 expression by ISH (positive or 

negative), whereas we used a semiquantitative scoring method (ISH score range 0–400) and 

empirically defined a threshold for high SChLAP1 expression (ISH score ≥100) [10]. 

Additional studies are needed to establish the reproducibility of our semiquantitative/

threshold approach to SChLAP1 ISH evaluation before incorporation into routine clinical 

practice.
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The strengths of this study include the relatively large cohort size and the long follow-up 

allowing assessment of PCa-specific mortality, while the limitations include the relatively 

low overall rate of lethal events and the TMA-based study design.

In summary, high SChLAP1 expression on ISH independently predicts lethal PCa in a large 

cohort of American men with PCa during long-term follow-up, suggesting that SChLAP1 

ISH is a promising biomarker for identifying patients at higher risk of lethal PCa 

progression.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Home Message

High SChLAP1 expression by ISH independently predicts lethal disease in a large cohort 

of American men with prostate cancer and long-term follow-up, suggesting that 

SChLAP1 ISH may be a promising biomarker for identifying patients at higher risk of 

lethal progression.
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Illustration. 
SChLAP1 expression in prostate cancer by in situ hybridization (ISH). Representative 

images of SChLAP1 ISH demonstrating (A,C) high or (B,D) low SChLAP1 expression in 

(A,B) low-grade and (C,D) high-grade prostate cancer. Magnification 100× (inset 400×).
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Table 1

Association between SChLAP1 expression by ISH and selected clinicopathologic characteristics among men 

diagnosed with prostate cancer between 1983 and 2011 in a combined PHS (n = 330) and HPFS (n = 607) 

cohort

Characteristic Overall SChLAP1 ISH score p value a

Low (<100) High (≥100)

Participants, n (%) 937 (100) 848 (90.5) 89 (9.5)

Age at diagnosis, yr (mean ± SD) 66.1 ± 5.9 66.0 ± 5.9 67.2 ± 5.5 0.07

BMI at diagnosis, kg/m2 (mean ± SD) 25.8 ± 3.5 25.9 ± 3.5 25.3 ± 3.0 0.18

Median PSA at diagnosis, ng/ml (IQR) 6.5 (4.7–10.0) 6.5 (4.7–10.0) 6.0 (4.3–9.7) 0.35

Gleason score

  ≤6 165 (17.6) 161 (19.0) 4 (4.5) <0.0001

  3 + 4 334 (35.7) 323 (38.1) 11 (12.4)

  4 + 3 227 (24.2) 193 (22.8) 34 (38.2)

  8–10 211 (22.5) 171 (20.2) 40 (44.9)

Pathologic stage, n (%)

  T2N0/NxM0/Mx 607 (71.0) 567 (73.1) 40 (50.6) <0.0001

  T3N0/NxM0/Mx 221 (26.0) 187 (24.2) 34 (43.0)

  T4N1M1 25 (3.0) 20 (2.6) 5 (6.3)

Clinical stage, n (%)

  T1/T2N0/NxM0/Mx 868 (94.3) 792 (95.2) 76 (85.4) 0.002

  T3N0/NxM0/Mx 32 (3.5) 23 (2.8) 9 (10.1)

  T4/N1/M1 21 (2.3) 17 (2.0) 4 (4.5)

Specimen type, n (%)

  Radical prostatectomy 882 (94.1) 800 (94.3) 82 (92.1) 0.40

  TURP 55 (5.9) 48 (5.7) 7 (7.9)

PTEN IHC status, n (%)

  Intact 640 (83.0) 595 (86.1) 45 (56.3) <0.0001

  Loss 131 (17.0) 96 (13.9) 35 (43.8)

PHS = Physicians’ Health Study; HPFS = Health Professionals Follow-up Study; ISH = in situ hybridization; BMI = body mass index; SD = 
standard deviation; PSA = prostate-specific antigen; TURP = transurethral resection of the prostate; IHC = immunohistochemistry. 

a
Age and BMI at diagnosis between SChLAP1 groups were compared using Student’s t test; PSA level at diagnosis was compared using the 

Wilcoxon rank-sum test; specimen type and PTEN IHC status were compared using the χ2 test; and Gleason score, pathologic stage, and clinical 
stage were compared using the Cochran-Armitage test for trends.
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