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Abstract

Background: 4–9% of prostate cancers harbor homozygous deletions of the androgen-induced 

tumor suppressor gene, PLZF (ZBTB16). PLZF loss induces an in vitro phenotype of castration 

resistance and enzalutamide resistance. The association of low expression of PLZF and clinical 

outcomes is unclear.

Methods: We assessed PLZF mRNA expression in patients diagnosed with primary prostate 

cancer during prospective follow-up of the Health Professionals Follow-up Study (HPFS; n=254) 

and the Physicians’ Health Study (PHS; n=150), as well as in The Cancer Genome Atlas (n=333). 

We measured PTEN status (using copy numbers and immunohistochemistry) and transcriptional 

activation of the mitogen-activated protein kinase (MAPK) pathway. Patients from HPFS and PHS 

were followed for metastases and prostate cancer-specific mortality (median, 15.3 years; 113 lethal 

events).
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Results: PLZF mRNA expression was lower in tumors with PLZF deletions. There was a strong, 

positive association between intratumoral androgen receptor signaling and PLZF expression. 

PLZF expression was also lower in tumors with PTEN loss. Low PLZF expression was associated 

with higher MAPK signaling. Patients in the lowest quartile of PLZF expression compared to 

those in the highest quartile were more likely to develop lethal prostate cancer, independent of 

clinicopathologic features, Gleason score, and androgen receptor signaling (odds ratio, 3.17; 95% 

CI, 1.32–7.60).

Conclusions: Low expression of the tumor suppressor gene PLZF is associated with a worse 

prognosis in primary prostate cancer.

Impact: Suppression of PLZF as a consequence of androgen deprivation may be undesirable. 

PLZF should be tested as a predictive marker for resistance to androgen deprivation therapy.
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Introduction

Approximately two-thirds of those patients who die of prostate cancer initially present with 

localized disease (1). The mechanisms by which localized prostate cancers progress to a 

lethal disease are incompletely understood. One likely contributory mechanism is the loss of 

or alterations in tumor suppressor genes (e.g., PTEN, p53, RB1). We previously showed that 

loss of the tumor suppressor gene promyelocytic leukemia zinc finger (PLZF), also known 

as zinc finger and BTB domain containing 16 (ZBTB16), induces an in-vitro phenotype of 

castration and enzalutamide-resistant prostate cancer (CRPC) (2).

Intriguingly, PLZF is positively regulated by androgen signaling (2, 3). Androgen 

deprivation therapy (ADT), the standard of care for patients with advanced prostate cancer, 

may thus inhibit the tumor suppressor PLZF and in turn may activate deleterious pathways 

including MAPK signaling (2). Whether PLZF suppression with ADT indeed leads to worse 

clinical outcomes might depend on patient and tumor characteristics, such as the baseline 

expression of PLZF. Somatic deletions within the PLZF gene, potentially altering PLZF 
expression, occur in primary and metastatic prostate cancers, with 4–9% of patients reported 

to harbor focal homozygous deletions (4, 5). Additionally, in a preclinical study, activation 

of the PI3 kinase/Akt/mTORC1 pathway through PTEN loss suppressed PLZF expression 

(6). Whether and how these molecular changes impact outcomes in patients is unknown.

We hypothesized that PLZF expression in patient samples differs according to somatic copy 

number variation in the PLZF gene, PTEN status, and the androgen receptor (AR) activity in 

the tumor. We further hypothesized that low baseline expression of PLZF is associated with 

a higher risk of lethal prostate cancer. We studied large patient cohorts to validate regulators 

and effectors of PLZF and to evaluate the prognosis of low PLZF expression.
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Methods

Study populations

Patients with primary prostate cancer were included from extreme case-control studies 

nested within the Health Professionals Follow-up Study (HPFS) and the Physicians’ Health 

Study (PHS), as well as from The Cancer Genome Atlas (TCGA). To allow for additional 

direct comparisons between primary and metastatic, presumably ADT-treated tumors, we 

additionally studied the Taylor et al. single-institutional cohort of a spectrum of prostate 

cancers with genomic profiling (7).

The HPFS and PHS prostate cancer cohorts are comprised of men who developed prostate 

cancer during prospective follow-up of two well-characterized cohort studies. The HPFS is 

an ongoing cohort study of initially 51,529 male health professionals, aged 40–75 years, 

who have been followed since 1986 (8). The PHS started in 1982 as randomized-controlled 

trials of aspirin and multivitamins among initially 29,067 male physicians, aged 40–84 

years; participants were later followed as a prospective cohort (9, 10). Self-reported incident 

prostate cancers were verified with review of medical and pathology records. Patients have 

been followed for metastases and death causes through specific questionnaires, contact to 

treating physicians, and review of medical records and death certificates (>98% complete for 

mortality). We retrieved formalin-fixed paraffin-embedded primary cancer tissue for our 

biorepository. We here focus on patients in a nested extreme case-control study (n = 404; 

92% prostatectomy) that oversampled patients who developed metastases or died from 

prostate cancer (lethal cancer) and those with prediagnostic blood samples (11).

The TCGA primary prostate cancer cohort included patients with previously untreated 

prostate cancer from clinical research sites and academic medical centers (4). Fresh-frozen 

prostatectomy specimens underwent comprehensive genomic profiling. We restricted our 

study to the published subset of cases with satisfactory RNA quality (n = 333) (4).

Histologic and genomic profiling

Tumors in all cohorts underwent histopathologic review, which included centralized re-

grading by genitourinary pathologists in HPFS, PHS, and TCGA (4, 12). In HPFS and PHS, 

high-density tumor areas (>80%) on histopathologic review were selected for transcriptome 

profiling. In TCGA, tumor cellularity varied on pathology review, with 61% of samples 

having a tumor content of >60% cellularity; samples were retained if nucleic acid yield was 

sufficient. Taylor et al. required >70% tumor cell content (7).

Whole-transcriptome profiling including PLZF was performed in all cohorts. TCGA used 

RNA sequencing with the Illumina TruSeq RNA protocol and the Illumina HiSeq platform 

(4). In HPFS and PHS, the Affymetrix GeneChip Human Gene 1.0 ST array was used (Gene 

Expression Omnibus: GSE62872) (13). Taylor et al. used the Affymetrix Human Exon 1.0 

ST array (7).

PLZF and PTEN copy number variations were assessed in TCGA and Taylor et al. As 

reported previously (4), tumor genome-wide copy number estimates in TCGA were 

normalized against non-cancer normal samples and segmented using circular binary 
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segmentation, effectively filtering out germline variants, and focal alterations were identified 

using GISTIC. We also retrieved the overall proportion of genes with copy number 

alterations among all genes (fraction genome altered) in TCGA (4). Details for Taylor et al. 

are described elsewhere (7). PTEN status was assessed in HPFS and PHS using a 

genomically-validated immunohistochemical assay on tissue microarrays constructed from 

the dominant tumor nodule or the nodule with the highest Gleason score (14). Additionally, 

tissue microarrays from HPFS and PHS were assessed for percent nuclei positive for the cell 

proliferation marker Ki-67, as previously described (15).

Statistical analysis

Our analysis plan was geared at characterizing tumors with low PLZF, defined as the lowest 

quartile of mRNA expression in each cohort. In the cross-sectional analysis of PLZF 
regulators, we estimated differences in PLZF mRNA, as expressed in standard deviations 

[SD], using linear regression. We assessed whether PLZF copy number variation, PTEN 
copy number variation or PTEN status by immunohistochemistry (complete loss vs. any 

expression) (14), and the z score of a well-described, parsimonious mRNA signature of AR 

signaling (16) are associated with PLZF mRNA expression. We chose this signature due to 

its association with AR protein expression (4), and we repeated analyses using other well-

described signatures (17, 18). We also evaluated the association of Gleason score (with 

coding in grade groups: 5–6, 3+4, 4+3, 8, 9–10, and ordinal coding) and fraction genome 

altered (linear) and PLZF expression. In models for PTEN loss and PLZF expression, we 

additionally adjusted for age and Gleason score, even though Gleason score could be 

considered as an intermediate in this association. Finally, we compared PLZF expression 

between primary and metastatic samples from a single cohort (7).

To validate downstream effects of low PLZF, we assessed the association of PLZF 
expression and proportion of Ki-67 positivity (continuous, after quantile normalization 

across tissue microarrays and logarithmic scaling) in the HPFS and PHS cohorts. To validate 

the association of PLZF and activation of MAPK signaling, we used principal components 

analysis to combine the 267 genes of the MAPK signaling pathway, as curated by the KEGG 

database (Molecular Signatures Database, version 6.1, pathway M10792) (19). The 

directionality was determined by comparison with a sum of z scores of the 267 genes; higher 

levels of the first principal component correlated positively with z (r = 0.73). We tested for 

differences in the first principal component by PLZF expression, using linear regression, in 

TCGA and HPFS and PHS combined.

In longitudinal analyses in HPFS and PHS, we assessed the association of PLZF expression 

at cancer diagnosis (continuous and binary as above) and lethality, contrasting lethal disease 

(development of metastases or prostate cancer-specific death) versus nonlethal disease (no 

evidence of metastases at >8 years of follow up). We used logistic regression to estimate 

age-adjusted and multivariable-adjusted odds ratios (ORs). HPFS and PHS were initially 

analyzed separately and then combined for multivariable models that adjusted for age at 

cancer diagnosis (continuous), calendar year of cancer diagnosis (categorical, pre-prostate 

specific antigen [PSA] era, 1982–1988; peri-PSA era, 1989–1993; PSA era, 1994–2005), 

AR signature (continuous), and additionally for PTEN loss (binary). Since Ki-67 and stage 
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at diagnosis, and possibly Gleason score, are probable intermediates between PLZF 
expression and lethal disease, we did not include them in our models designed to assess an 

etiologic factor. Models including PTEN or Ki-67 were restricted to patients with non-

missing data.

Tests were two-sided and all confidence intervals (CIs) are presented at a 95% level. The 

institutional review boards at Harvard T.H. Chan School of Public Health and Partners 

Healthcare approved the research.

Results

Characteristics of the study populations

Baseline characteristics of patients in HPFS, PHS, and TCGA are presented in Table 1. 

From 254 patients in HPFS, 81 developed metastases or died from prostate cancer (lethal 

disease) over long-term follow up in the extreme case-control subset (median, 15.0 years). In 

PHS, among 150 patients, 32 developed lethal disease (median follow up, 15.8 years). In 

total, we included 113 lethal cases from both studies. Additional tissue biomarker data for 

Ki-67 positivity and PTEN loss was available for 257 and 260 patients, respectively, from 

HPFS and PHS. Baseline characteristics of the patients in the Taylor et al. cohort, including 

mRNA data on 131 primary tumors and 14 metastases, have been published elsewhere (4, 

7).

Regulators of PLZF expression

First, we sought to establish whether differences in PLZF copy number were associated with 

differences in PLZF mRNA expression (Figure 1.A). In TCGA, compared to tumors with 

diploid PLZF, those with heterozygous deletions had 0.18 standard deviations [SD] lower 

PLZF (95% CI, –0.29 to 0.67). Those with homozygous deletions had 0.65 SD lower PLZF 
expression (95% CI, 0.07 to 1.23; ptrend = 0.022). Gains/amplifications did not have different 

expression levels compared to diploid PLZF (difference, –0.21 SD; 95% CI, –0.67 to 0.26). 

For comparison, we assessed if alterations of PLZF expression were non-specifically driven 

by genome instability; however, fraction genome altered was not correlated with PLZF 
expression (r = 0.01; 95% CI, –0.09 to 0.12).

Next, we sought to validate the influence of AR signaling on PLZF expression, described in 
vitro, across the clinical spectrum of prostate cancer. Higher expression of a well-described 

transcriptome signature of AR signaling (16) was positively correlated with higher PLZF 
expression both in TCGA (r = 0.41; 95% CI, 0.32 to 0.50) as well as in the combined HPFS 

and PHS cohorts (r = 0.52; 95% CI, 0.45 to 0.59; Fig. 1.B). Results were similar with other 

signatures of AR signaling (17, 18). In line with these observations, in a smaller cohort of 

primary and metastatic tumors (7), PLZF expression was lower among metastatic prostate 

cancers, patients who had presumably been treated with ADT, compared to primary tumors 

(difference, –0.71 SD; 95% CI, – 0.23 to –1.19). Finally, we aimed to validate the 

directionality of the association between AR signaling and PLZF expression, using the 

TCGA cohort. Patients with PLZF deletions, compared to those with wild-type PLZF, did 

not have lower expression of the AR signature (difference, 1.29 SD; 95% CI, –3.65 to 6.22; 
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ptrend = 0.13), supporting the expectation that AR signaling has a stronger impact on PLZF 
expression than vice versa.

A preclinical study had suggested that PTEN/PI3K signaling affects PLZF expression (6). 

Validating these observations, we found that PLZF expression differed by PTEN status. In 

TCGA, compared to tumors with intact PTEN, those with heterozygous deletions had 0.34 

SD lower PLZF (95% CI, 0.01 to 0.67) while those with homozygous deletions had 0.46 SD 

lower PLZF (95% CI, 0.13 to 0.79; ptrend < 0.001; Figure 1.C). In the combined HPFS and 

PHS cohorts, PLZF mRNA expression was 0.44 SD lower among tumors with PTEN loss, 

compared to those with intact PTEN (95% CI, 0.15 to 0.73; Fig. 1.D).

To assess if differences in PLZF expression were merely attributable to differing Gleason 

scores of these tumors, we compared PLZF expression between low-grade and high-grade 

tumors. Gleason grade groups were not strongly associated with PLZF expression in TCGA 

(difference in PLZF between Gleason 3+3 and 9–10, – 0.06 SD; 95% CI, –0.44 to 0.32; 

ptrend = 0.87) nor in the combined HPFS and PHS cohorts (difference, –0.35 SD; 95% CI, –

0.72 to 0.00; ptrend = 0.06). PLZF copy number, PTEN copy number, and the AR signature 

were independent predictors of PLZF expression in TCGA (Figure 1.E). Validation in HPFS 

and PHS using PTEN status by immunohistochemistry, where data on copy number 

alterations was unavailable, yielded similar results for both PTEN and the AR signature as 

predictors of PLZF expression (Fig. 1.F). Further adjustment for Gleason score did not alter 

the associations.

Consequences of low PLZF expression

Given our previous observation that shRNA knockdown of PLZF induced MAPK signaling 

in vitro (2), we aimed to assess if primary prostate cancers with low PLZF had higher 

proliferation indices in general, as quantified through Ki-67 levels, or specifically more 

activation of the MAPK pathway, as quantified through a transcriptome signature. Tumors in 

the lowest quartile of PLZF expression did not have higher Ki-67 levels compared to those 

in the highest quartile (difference, –0.07 SD; 95% CI, –0.43 to 0.29; ptrend = 0.44). In 

contrast, among tumors in the lowest quartile of PLZF expression in TCGA, the MAPK 

score was 0.32 SD higher than in the highest quartile of PLZF (95% CI, 0.02 to 0.62; ptrend 

= 0.006). In the combined HPFS and PHS cohorts, the MAPK scores did not show a linear 

trend across quartiles of PLZF mRNA (ptrend = 0.45); however, tumors with the lowest 

quartile of PLZF level had higher MAPK scores than tumors with higher PLZF expression 

(difference, 0.45 SD; 95% CI, 0.19 to 0.73; Figure 2.A). Differences were not attenuated in 

either cohort when additionally adjusting for AR signaling.

Finally, we determined the clinical outcome of patients with low PLZF (Table 2). Patients 

from HPFS in the lowest quartile of PLZF expression, compared to those with higher 

expression, had an approximately two-fold higher odds of developing lethal disease over 

long-term follow up (age-adjusted OR, 1.92; 95% CI, 1.07 to 3.45). In the independent 

validation cohort PHS, the age-adjusted OR was 3.19 (95% CI, 1.22 to 8.36). Combining 

both cohorts and adjusting for further patient and tumor characteristics including Gleason 

score and AR signaling, PLZF expression was independently associated with lethal disease 

(OR for lowest vs. highest quartile, 3.17; 95% CI, 1.32 to 7.60; ptrend = 0.021; Figure 2.B). 
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The association was also essentially unchanged when additionally adjusting for PTEN status 

in the subset of patients with available PTEN data (Table 2).

Discussion

In this study, we assessed a tumor suppressor that is androgen induced and in turn inhibited 

by ADT. We showed that prostate tumors with PLZF and PTEN deletions have lower PLZF 
expression levels, and we validated across a spectrum of prostate cancers that PLZF 
expression is tightly coupled to the activity of AR signaling. Likely partially mediated 

through activation of MAPK signaling, low PLZF expression was associated with inferior 

prognosis over long-term follow-up, independent of Gleason score, AR signaling, and PTEN 
loss.

Deletions of PLZF are among the more frequent copy number alterations in presumptive 

driver genes in prostate cancer, as independently demonstrated in three large genomic 

landscape studies of primary and metastatic disease (4, 5, 20). We demonstrated here that 

tumors with PLZF deletions have lower PLZF mRNA expression. More importantly, key 

signaling pathways in prostate cancer are important regulators of PLZF expression beyond 

alterations in PLZF copy numbers. PLZF can experimentally be induced by androgens, and 

there is marked androgen-induced AR recruitment to PLZF enhancer regions, as we and 

others have previously shown in vitro (2, 3). Clinically, tumors from our three cohorts with 

low AR signaling activity had considerably lower PLZF expression (Fig 1.B). We also 

demonstrated that tumors with loss of PTEN also have lower PLZF expression (Fig. 1.C–D), 

in line with mechanistic work suggesting FOXO3a as an Akt-regulated mediator of PLZF 
regulation (6). In light of feedback regulation between PI3K and AR signaling (21), we 

verified that the association of PTEN loss and PLZF expression was not merely due to 

differences in AR signaling. We also verified that low expression of the tumor suppressor 

gene PLZF was not simply driven by genome instability. Collectively, PLZF copy number 

loss, PTEN loss, and low AR signaling activity were statistically independent predictors of 

low PLZF expression (Fig. 1.E–F).

We also demonstrated that PLZF expression was lower in presumably ADT-treated patients 

with metastases at the time of genomic profiling in the cohort described by Taylor, Schultz 

(7), compared to primary tumors. These results are in line with a smaller cross-sectional 

study of PLZF immunohistochemistry, showing lower expression in metastases and higher 

grade-tumors, albeit without controlling for key regulators of PLZF expression (22). Of note, 

our large study with centrally re-reviewed histology had precise estimates that excluded any 

meaningful differences in average PLZF expression across groups of Gleason grades, 

suggesting that low PLZF expression is specifically influenced by PTEN status and AR 

signaling but not by unspecific tumor dedifferentiation. Additionally, it has been suggested 

that PLZF itself, interacting with KLK4, in turn inhibits AR through a feedback loop (23). 

We did not find tumors with PLZF copy number alteration differed in AR signaling; 

however, these results were imprecise and do not exclude the presence of such a feedback 

loop.
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To determine the clinical relevance of low PLZF expression, we harnessed prospectively 

collected long-term outcome data on metastases and cause-specific death among men 

diagnosed with primary prostate cancer in HPFS and PHS. In both independent studies, 

patients with low PLZF had a higher risk of lethal disease (Fig. 2.B). Importantly, we 

accounted for patient and tumor characteristics, such that the elevated risk of lethality among 

patients with low PLZF is not merely due to PTEN loss or tumors arising in a low-AR 

signaling environment. As one potential mechanism linking low PLZF to lethal disease, we 

validated our preclinical observation that PLZF is a repressor of the MAPK signaling 

pathway with binding sites in the MAPK pathway regulators DDIT3, MKNK2, JUND, JUN, 
and RRAS (2). We did indeed observe higher expression of a MAPK signature in tumors 

with low PLZF (Fig. 2.A). Even if emergence of MAPK signaling has been described in 

low-AR signaling states (24), the difference in MAPK expression was not due to low AR 

signaling in our cohorts. Numerous additional downstream effects of PLZF beyond the 

scope of our study have been described, such as posttranslational modification of MYC and 

MTORC1 inhibition (25–28). Further study would be needed to tease out which pathways 

connect PLZF expression and lethality.

Our results beg the question as to whether ADT through its suppression of PLZF may 

paradoxically accelerate ADT resistance and tumor progression (Fig. 3). Constitutive AR 

signaling and experimental alteration of androgen levels in model systems tightly control 

PLZF, and as our results demonstrate, tumors with low PLZF have inferior clinical 

outcomes. These observations strongly support that ADT-driven PLZF downregulation is 

one potential mechanism that contributes to castration resistance. It is possible that PLZF 
levels before ADT treatment are predictive of clinical outcomes, suggesting that tumors with 

low pre-ADT PLZF are particularly susceptible to ADT-induced PLZF suppression. We 

assessed PLZF expression in primary tumors, in general many years before ADT initiation. 

This is an imperfect measure of PLZF expression at the time of ADT initiation, probably 

resulting in nondifferential misclassification and underestimation of differences in outcomes 

by PLZF expression. Ideally, future work would analyze randomized-controlled trials of 

ADT in high-risk patients and quantify PLZF in tumor tissue before ADT initiation to assess 

it as a predictive biomarker of ADT resistance. Further, it remains to be shown if PLZF 
mRNA levels as assessed through transcriptome profiling or PLZF protein levels as assessed 

through immunohistochemistry (2, 22) are better suited for predicting clinical outcomes. A 

second corollary of our previous (2) and current studies is that assessing for low PLZF 
expression may aid in enriching clinical trials of MAPK inhibitors with patients who are 

more likely to benefit.

Taken together, PLZF is not only one of the most commonly deleted putative driver genes in 

prostate cancer, but also tightly coupled in its expression levels with key mechanisms of 

prostate cancer progression, AR signaling activity and PTEN loss. Our results from large 

patient populations with prospective follow-up highlight the clinical implications of low 

PLZF and contribute to our understanding of the potentially undesirable effects of ADT in 

prostate cancer treatment. Assessing PLZF levels before ADT may aid in predicting ADT 

resistance and in biomarker-based patient stratification for MAPK inhibitors trials in high-

risk prostate cancer.
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Figure 1. 
Regulators of PLZF mRNA expression. A, PLZF copy number and PLZF mRNA expression 

in TCGA (n = 333). B, Androgen receptor signature and PLZF mRNA expression in HPFS 

and PHS combined (n = 404). C, PTEN copy number and PLZF mRNA expression in 

TCGA (n = 333). D, PTEN by immunohistochemistry and PLZF mRNA expression in 

HPFS and PHS (n = 260). In panels A–E, horizontal lines indicate the medians; boxes reach 

from the first to the third quartiles; whiskers extend 1.5 times the interquartile range. E–F, 
Regulators of PLZF expression in multivariable models in the TCGA primary prostate 

Stopsack et al. Page 11

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2020 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



cancer cohort (E) and in HPFS and PHS combined (F). All units of tumor PLZF expression 

are standard deviations.
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Figure 2. 
Downstream consequences of low PLZF in HPFS and PHS. A, PLZF mRNA expression and 

a signature of MAPK signaling (n = 404). Horizontal lines indicate the medians; boxes reach 

from the first to the third quartiles; whiskers extend 1.5 times the interquartile range. B, 

PLZF mRNA expression and risk of lethal disease over long-term follow-up in a 

multivariable model adjusting for patient, histologic, and genomic covariates.
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Figure 3. 
Schematic overview of PLZF regulation and downstream consequences.
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Table 1.

Baseline characteristics at cancer diagnosis of men with prostate cancer and tumor transcriptome profiling in 

The Cancer Genome Atlas (TCGA), the Health Professionals Follow-up Study (HPFS), and the Physicians’ 

Health Study (PHS), by PLZF mRNA expression (low: first quartile; normal: all higher quartiles).

TCGA HPFS PHS

PLZF expression
a Low Normal Low Normal Low Normal

n 84 249 68 186 33 117

Age, median (range) 64 (46–74) 61(43–76) 65 (47–76) 66 (49–80) 65 (55–79) 66 (51–81)

Gleason score in grade

groups, n (%)

 5–6   9 (11)   56 (22)   4    (6)   20 (11)   3    (9)   30 (26)

 3+4 30 (36)   72 (29) 20 (29)   71 (38) 11 (33)   37 (32)

 4+3 23 (27)   55 (22) 22 (32)   52 (28) 10 (30)   18 (15)

 8 10 (12)   35 (14)   8 (12)   13   (7)   5 (15)   17 (15)

 9–10 12 (14)   31 (12) 14 (21)   30 (16)   4 (12)   15 (13)

Clinical stage, n (%)

 T1/T2 84 (100) 249 (100) 56 (85) 158 (86) 29 (88) 107 (93)

 T3   5   (8)   16   (9)   3   (9)     3   (3)

 T4/N1/M1   5   (8)     9   (5)   1   (3)     5   (4)

PSA,
b
 n (%)

 <4   7 (15)   12   (9)   7 (12)   17 (11)   5 (19)   12 (12)

   4–10 30 (65)   78 (55) 27 (47)   90 (58) 15 (58)   64 (62)

   10–20   7 (15)   30 (21) 13 (22)   30 (19)   3 (12)   17 (17)

 >20   2   (4)   21 (15) 11 (19)   17 (11)   3 (12)   10 (10)

 Missing 38 108 10   32   7   14

Tissue source, n (%)

 Prostatectomy 84 (100) 249 (100) 64 (94) 172 (92) 29 (88) 104 (89)

 TURP
c   4   (6)   14   (8)   4 (12)   13 (11)

PLZF copy number Not available Not available

 Gain
d   3    (4)   16    (6)

 Diploid 63  (75) 215  (86)

 Heterozygous deletion 11  (13)   11    (4)

 Homozygous deletion   7    (8)     7    (3)

PTEN status

 Intact/Diploid 43 (51) 197 (79) 32 (68) 97 (82) 11 (50) 55 (79)

 Loss/Any deletion 41 (49)   52 (21) 15 (32) 21 (18) 11 (50) 15 (21)
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a
Categorized as: low, first quartile of mRNA expression; normal, all higher quartiles combined.

b
Serum prostate specific antigen, in ng/ml.

c
Transurethral resection of the prostate. Includes one lymph node sample in a patient from PHS.

d
Includes one amplification event in the mRNA expression category “normal”.
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Table 2.

PLZF expression and odds ratios (OR) for lethal prostate cancer (with 95% confidence intervals) in patients 

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

Quartile of PLZF 1st (lowest) 2nd 3rd 4th (highest)

Cases Lethal Non-lethal Lethal Non-lethal Lethal Non-lethal Lethal Non-lethal

40 61 22 79 27   74 24 77

Model
OR 95% CI OR 95% CI OR   95% CI OR 95% CI

ptrend
a

A Age-adjusted 2.43 1.30–4.53 1.00 0.51–1.96 1.24 0.65–2.38 1.00 (ref.) 0.011

B A+clinical
b 2.53 1.20–5.33 1.30 0.58–2.89 1.56 0.70–3.47 1.00 (ref.) 0.026

C B+AR
c 3.17 1.32–7.60 1.42 0.62–3.22 1.68 0.75–3.79 1.00 (ref.) 0.021

D C in PTEN subset
d 3.39 1.06–10.9 1.62 0.55–4.73 1.39 0.46–4.23 1.00 (ref.) 0.041

E C+PTEN
d 3.51 1.03–12.0 1.64 0.55–4.84 1.42 0.46–4.39 1.00 (ref.) 0.046

a
Trend for linear trend across quartiles

b
Demographics and clinical factors: age, calendar year, Gleason score

c
Hieronymus et al. (2006) AR signature (16)

d
PTEN status was available only in a subset of 253 patients. Models D and E are both estimated in this subset of patients. Model D includes the 

same predictors as model C. Model E additionally adjusts for PTEN status. To gauge the change in estimates due to adjusting for PTEN status, 
compare results from model E to results from model D.
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