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Abstract

Recurrent tumor copy number variations (CNVs) in prostate cancer (PrCa) have

predominantly been discovered in sporadic tumor cohorts. Here, we examined

familial prostate tumors for novel CNVs as prior studies suggest these harbor dis-

tinct CNVs. Array comparative genomic hybridization of 12 tumors from an

Australian PrCa family, PcTas9, highlighted multiple recurrent CNVs, including

amplification of EEF2 (19p13.3) in 100% of tumors. The EEF2 CNV was examined

in a further 26 familial and seven sporadic tumors from the Australian cohort and

in 494 tumors unselected for family history from The Cancer Genome Atlas

(TCGA). EEF2 overexpression was observed in seven PcTas9 tumors, in addition to

seven other predominantly familial tumors (ntotal = 34%). EEF2 amplification was

only observed in 1.4% of TCGA tumors, however 7.5% harbored an EEF2 deletion.

Analysis of genes co-expressed with EEF2 revealed significant upregulation of two

genes, ZNF74 and ADSL, and downregulation of PLSCR1 in both EEF2 amplified

familial tumors and EEF2 deleted TCGA tumors. Furthermore, in TCGA tumors,

EEF2 amplification and deletion were significantly associated with a higher Gleason

score. In summary, we identified a novel PrCa CNV that was predominantly ampli-

fied in familial tumors and deleted in unselected tumors. Our results provide fur-

ther evidence that familial tumors harbor distinct CNVs, potentially due to an

inherited predisposition, but also suggest that regardless of how EEF2 is dysregu-

lated, a similar set of genes involved in key cancer pathways are impacted. Given

the current lack of gene-based biomarkers and clinical targets in PrCa, further

investigation of EEF2 is warranted.
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1 | INTRODUCTION

Mapping DNA copy number variations (CNVs) has provided insight

into the underlying genetic drivers of a range of tumors and, in some

instances, have formed the basis of classification systems used to

stratify patients and determine their treatment options.1,2 CNVs

include deletions, amplifications, inversions, and translocations. In

prostate cancer (PrCa), DNA deletions and amplifications have been

identified using comparative genomic hybridization (CGH), a method

that can be applied to DNA from cell lines and fresh, frozen, or

formalin-fixed, paraffin-embedded (FFPE) tumor tissue.

To date, the majority of PrCa CGH studies have interrogated spo-

radic tumors, identifying several common regions of chromosomal

amplification and deletion across the genome.3,4 In contrast, only two

CGH studies have assessed chromosomal aberrations in familial pros-

tate tumors. Verhagen et al. studied 13 tumors: six from high-risk

PrCa families5 and seven sporadic tumors. Loss of 7q and 10q, and

gain of 8q and 16q were consistently identified in both familial and

sporadic tumors, however they also identified aberrations exclusive to

familial tumors, including loss of 3p12-3p22 in three tumors (50%)

and gain of 6q11-6q21 in four tumors (67%).5 A subsequent CGH

study of 21 prostate tumors from 19 Finnish PrCa families identified

common losses at 13q14-13q22 (29%), 8p12-pter (24%), and

6q13-6q16 (14%) and gains at 19p (25%), 19q (14%), and 7q (14%).6

Notably, one of the most common CNVs in sporadic prostate

tumors,4 loss of 16q, was not identified in the Finnish familial data-

set.6 These observations suggest that familial prostate tumors may

develop some CNVs distinct to those found in sporadic tumors, which

could be due to an underlying genetic predisposition.

Previously, our group used the Spectral Chip™ 2600 BAC array to

interrogate CNVs in several familial tumor samples from a large, multi-

generation Australian PrCa family (unpublished data). This pilot work

highlighted several common regions of amplification and deletion

across the familial tumors (Table S1). Since this pilot study, next-

generation array CGH (aCGH) platforms have emerged as a powerful

tool for the identification of chromosomal CNVs, providing greater

resolution and accommodating low quality/quantity FFPE tumor

DNA. To expand on our preliminary data and investigate whether

there are recurring CNVs unique to familial tumors, we applied the

Agilent Oligonucleotide aCGH to 12 FFPE tumor samples from a sin-

gle Australian PrCa family. A CNV identified in multiple tumors from

this family was then followed up in a larger Australian cohort of both

familial and sporadic tumor samples and in prostate tumors from The

Cancer Genome Atlas.

2 | MATERIALS AND METHODS

2.1 | Australian prostate tumor samples

Tumor samples were sourced from two Australian studies, the Tasma-

nian Familial Prostate Cancer Cohort and the population-based Tasma-

nian Prostate Cancer Case–Control Study, both of which have been

described previously.7–10 Familial PrCa is defined as families with two

or more affected first-degree relatives. Archived prostate tissue

pathology blocks from familial and sporadic PrCa cases were collected

from local pathology laboratories. For this study, 15 sporadic and

44 familial FFPE tumors were available (Table S2) and of the latter

familial tumors, 22 were from a single family, PcTas9 (Figure S1). In

total, 61 PcTas9 PrCa cases have been identified through linkage to

the Tasmanian Cancer Registry. Registry records began in 1983,

therefore only cases diagnosed since then are confirmed and are thus

mainly present in the lower three generations of the family. As

prostate-specific antigen (PSA) testing was not widespread in Tasma-

nia until the mid to late 90s, men diagnosed before 2000 were more

likely to have been diagnosed due to clinical symptoms. Ethical

approval for this study was obtained from the Human Research Ethics

Committee Tasmania, Australia (H0017040). Written informed con-

sent was obtained from all participating individuals and a waiver of

consent was obtained to collect prostate tissue blocks for deceased

cases.

2.2 | Array Comparative Genomic
Hybridization (aCGH)

Extraction of nucleic acids from FFPE tissue blocks is described in

Methods S1. A total of 12 PcTas9 tumor DNA samples were assayed

on a customized SurePrint G3 Human 8 x 60K Microarray (Agilent

Technologies), which included a genome-wide backbone and several

regions targeted for fine-mapping based on results from our previous

pilot study (Table S1). The aCGH procedure and preliminary analyses

were carried out at PathWest Laboratory Medicine (Western

Australia, Australia), according to the manufacturer's instructions. As a

female reference sample was used, tumor samples needed to show

loss of chromosome X and gain of chromosome Y to pass quality

control (QC). Data were visualized in Cytogenomics 5.0.2.5 (Agilent

Technologies) and analyzed for CNVs using the Default Analysis

Method CGHv2. Regions with a log ratio of >0.3 (gain) or <�0.3 (loss),

regardless of the number of probes, were considered chromosomal

aberrations.

2.3 | Gene and protein expression

A total of 41 familial and sporadic samples had sufficient RNA for

SYBR green real-time quantitative PCR (qPCR) assays (Applied Biosys-

tems) of EEF2 and housekeeping genes, β-Actin and GAPDH (see

Methods S1 for further details). Random intercept models were used

to estimate and compare mean levels of absolute EEF2 gene expres-

sion in tumors from PcTas9. Unpaired Student's t-tests were used to

compare EEF2 gene expression in tumor glands between different

patient groups (e.g., PcTas9 vs. other familial and sporadic patients).

A total of 57 familial and sporadic samples had suitable blocks for

immunohistochemistry (IHC; see Methods S1 for further details).

Student's t-tests (paired and unpaired) were used to compare protein
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expression between tumor and adjacent benign cells, and between

different patient groups, respectively. p values ≤0.05 were considered

significant for all tests.

2.4 | The Cancer Genome Atlas dataset

The Cancer Genome Atlas (TCGA) dataset utilized in this study

consists of 494 radical prostatectomy prostate adenocarcinoma

samples sourced from 20 collaborating institutions across America

and Europe,11 which were analyzed by the Pan-Cancer Atlas

(PanCanAtlas) initiative.11,12 The samples are from patients of dif-

fering ethnicities, including those of European, Hispanic, and African

descent. The genomic profiles examined in this study include CNVs

and mRNA and protein expression, which were available through

the cBioPortal for Cancer Genomics (https://www.cbioportal.org/

datasets). Genes co-expressed with EEF2 in tumors without an EEF2

CNV (unaltered EEF2; n = 444) were determined using the

co-expression function in the cBioPortal. Expression profiles of

tumors with an EEF2 CNV (amplification/deletion) were compared

to unaltered tumors using a two-sample t-test in R studio, version

4.1.1 (Appendix S1). p values ≤0.05 were considered significant for

all tests.

2.5 | Transcriptome sequencing

Gene expression in six PcTas9 prostate tumors was evaluated using

the AmpliSeq™ Transcriptome Human Gene Expression Kit (Thermo

Fisher Scientific) and sequenced on the Ion Torrent Proton™ sequenc-

ing system, using the Ion PI sequencing 200 Kit v3 chemistry, as previ-

ously described.13 The Ion Torrent Suite v5.02 software was used to

map the reads and reads per million (RPM) values calculated. Here, we

evaluated the top 20 genes that were observed to be positively and

negatively co-expressed with unaltered EEF2 in TCGA prostate

tumors. Expression of each of these genes was compared between

PcTas9 tumors with (n = 3) and without (n = 3) EEF2 amplification

using a Student's t-test. p values ≤0.05 were considered significant for

all tests.

3 | RESULTS

3.1 | Identification of CNVs in Australian familial
prostate tumors

aCGH was performed on 12 PcTas9 familial tumors (Figure 1), of

which eight passed QC thresholds (Table 1; Table S4). Key clinico-

pathological features of these tumors are presented in Table 1.

All eight tumors had at least one region of chromosomal amplifi-

cation, while seven tumors had at least one region of deletion

(Table S5). CNVs were considered to be consistent across tumors if

they were identified in three or more samples (≥38%). The most con-

sistent losses were at 1p36.21 and 19p13.3 and the most consistent

regions of gain were at 6p23-p22.3, 6p24.2, 17p13.3, and 19p13.3

(Table 2). The 19p13.3 region was amplified across three separate

genes, including PTPRS (38%), ZBTB7A (50%), and notably, EEF2 was

gained in all eight tumors (100%; Figure 2).

F IGURE 1 A condensed PcTas9 pedigree. This condensed version of PcTas9 indicates those prostate cancer samples chosen for aCGH
(shown by red arrow heads); those identified to have an EEF2 amplification are indicated by a black arrow; and those with increased EEF2 gene
expression are depicted by a white square in the top left-hand corner of their symbol. aCGH, array comparative genomic hybridization

RASPIN ET AL. 3

https://www.cbioportal.org/datasets
https://www.cbioportal.org/datasets


3.2 | EEF2 gene expression in Australian prostate
tumors

To validate and further investigate this amplification, EEF2 mRNA

expression was determined in all PcTas9 familial tumors with suffi-

cient RNA for RT-qPCR (n = 18; Methods S1). To explore whether

the amplification encompassed the entire EEF2 gene, EEF2 expression

was determined at 10 different regions, including 50 UTR/exon 2, exon

2/3, 3/4, 4/5, 5/6, 6/7, 7/8, 8/9, 9/10, and 14/15 (raw data available

in Table S6). As RNA from FFPE tumor samples is often degraded,

especially distal to the poly-A 30 tail, primary analyses to estimate and

compare mean levels of absolute EEF2 gene expression across the

18 tumors were based on data from the exon 14/15 region. Analyses

based on data from the 50 UTR/exon 2 region are presented in

Results S1.

Random intercept models indicated significantly higher EEF2 exon

14/15 expression in seven of the 18 tumors (p = 1.78 � 10�6;

Figure 3A; Table S7), corroborating the aCGH results for five samples

(PcTas9-12, 20, 477, 532, and 645) and providing evidence for an

amplification event in two additional samples (PcTas9-14 and 545;

Figure 1). Increased EEF2 gene expression was not observed in the

remaining three aCGH samples with an EEF2 amplification

(PcTas9-588, 620, and 627). When analyzing gene expression data

from the remaining exonic regions, the seven samples with signifi-

cantly higher exon 14/15 expression also had significantly higher

expression of the exon 2/3, 3/4, 4/5, 6/7, and 9/10 regions compared

TABLE 1 Clinicopathological characteristics of PcTas9 tumor samples chosen for array comparative genomic hybridization

Sample identification Age at diagnosis Year of diagnosis Tissue source Contemporary Gleason scoreb ISUP grade groupb

PC9-12a 66 1998 RP 6 (3 + 3) 1

PC9-13 83 1983 TURP 9 (4 + 5) 5

PC9-20a 76 1981 TURP 9 (4 + 5) 5

PC9-158 63 2009 RP 6 (3 + 3) 1

PC9-211 68 2007 TURP 9 (4 + 5) 5

PC9-477a 55 2007 RP 6 (3 + 3) 1

PC9-532a 70 2004 RP 6 (3 + 3) 1

PC9-588a 63 2004 RP 6 (3 + 3) 1

PC9-620a 71 1998 RP 9 (4 + 5) 5

PC9-627a 65 2008 RP 7 (4 + 3) 3

PC9-645a 60 2009 RP 6 (3 + 3) 1

PC9-659 65 2013 RP 9 (4 + 5) 5

Abbreviations: ISUP, international society of urological pathology; RP, radical prostatectomy; TURP, transurethral resection of the prostate.
aSample passed QC measures.
bContemporary Gleason score from formalin-fixed, paraffin-embedded tissue block chosen for macro-dissection of nucleic acids and

immunohistochemistry.

TABLE 2 Recurrent chromosomal aberrations identified in PcTas9 prostate tumors

Loss
or
gain

Chromosomal
Region

Frequency of CNV in
PcTas9 tumors Tumors with CNV

Known association with
cancer

Interesting genes underlying the
region of alteration

Loss 1p36.21 38% (3/8) 477, 532, 620 Ovarian cancer14 PRAME and HNRNPCL gene

families

Loss 19p13.3 38% (3/8) 477, 532, 620 Prostate cancer6 TINCR (lncRNA00036)

Gain 6p23-p22.3 63% (5/8) 20, 477, 532, 620, 627 Bladder cancer15 and

retinoblastoma tumors16
JARID2

Gain 6p24.2 50% (4/8) 477, 532, 620, 627 No known association NEDD9

Gain 17p13.3 63% (5/8) 20, 477, 532, 620, 627 Prostate cancer6 DPH1

Gain 17p13.3 25% (2/8) 9–477, 620 Prostate cancer6 MNT

Gain 17p13.3 25% (2/8) 9–532, 620 Prostate cancer6 SMG6

Gain 19p13.3 38% (3/8) 477, 532, 620 Prostate cancer6 PTPRS

Gain 19p13.3 50% (4/8) 20, 532, 620, 627 Prostate cancer6 ZBTB7A

Gain 19p13.3 100% (8/8) 12, 20, 477, 532, 588,

620, 627, 645

Prostate cancer6 EEF2
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to the 11 other PcTas9 tumors (p = 0.02, p = 0.009, p = 0.02,

p = 0.02, and p = 0.05, respectively).

Next, we sought to compare PcTas9 EEF2 expression with gene

expression in a larger collection of Tasmanian familial (n = 16) and

sporadic (n = 7) prostate tumors. EEF2 exon 14/15 expression

remained significantly higher for the same seven PcTas9 samples

when compared with the remainder of the dataset (including PcTas9

familial samples, n = 34, p = 0.005; Figure 3B; raw data for all tar-

geted EEF2 exonic regions available in Table S6).

With regard to clinical characteristics, the seven PcTas9

patients with EEF2 overexpression were diagnosed at a similar age

to the remainder of the dataset (n = 34, p = 0.48) and had similar

Gleason scores (GS; p = 0.23; Table S8).

Given the correlation between our aCGH and qPCR findings, we

hypothesized that other tumors with high exon 14/15 expression may

also have an amplification of the EEF2 region. Notably, seven other

tumors from the larger dataset had similar or higher EEF2 expression

levels as the seven PcTas9 tumors with EEF2 overexpression. These

included five familial tumors from five families and two tumors from

sporadic cases. When compared to the remainder of the larger dataset

(n = 27; excluding PcTas9 overexpressors), these seven samples had

statistically higher expression of EEF2 regions exon 9/10 and exon

F IGURE 2 Visual representation of the recurrent 19p13.3 in PcTas9 tumor samples. (A) Schematic of amplifications and deletions across the
entire genome in all PcTas9 samples combined; this was visualized using BlueFuse Multi Software (Illumina). Chromosomes are represented left to
right, with the amplitude of loss and gain on the y axis. Regions considered to be significantly lost (red) or gained (blue) are illustrated by colored
lines above the chromosomal region. Chromosome 19 is highlighted with blue shading. (B) A close-up view of 19p encompassing the DAPK3 and
EEF2 genes (labeled). Each probe on the array is represented by a colored dot, and the colored lines represent individual samples. Regions with a
log ratio (y axis) of >0.3 (gain) or <�0.3 (loss), regardless of the number of probes, were considered chromosomal aberrations. An amplification
encompassing EEF2 was evident in all eight PcTas9 samples

F IGURE 3 Absolute EEF2 exon 14/15 gene expression. (A) Random intercept models indicated significantly higher EEF2 expression in seven
of 18 PcTas9 tumors (p = 1.78 � 10�6). (B) EEF2 exon 14/15 expression remained significantly higher for the same seven PcTas9 samples when
compared with the larger tumor resource (including PcTas9 familial samples, n = 34, p = 0.005)
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14/15 (p = 0.02 and 4.42 � 10�9, respectively). Thus, overall, 14 of

41 (34%) tumors from this Australian cohort are likely to have an EEF2

amplification (Table S6).

3.3 | EEF2 protein expression in Australian
prostate tumors

EEF2 protein staining intensity ranged from none (0) to strong

(3) across 56 Tasmanian FFPE prostate tumor samples, with the per-

centage of EEF2 positive nuclei ranging from 5% to 100% (Figure S2;

Table S6). No significant difference in EEF2 protein expression was

observed between tumors with significantly increased EEF2 gene

expression (n = 13; there was no remaining tissue for one PcTas9

case) and the remainder of the tumor cohort (n = 44, p = 0.36).

3.4 | EEF2 expression in the Cancer Genome Atlas

Examination of 494 TCGA samples in the PanCanAtlas dataset

revealed seven tumors with an EEF2 amplification (1.4%) and 37 with

an EEF2 deletion (7.5%). As TCGA results simply indicate whether an

amplification or deletion was detected somewhere in a gene, we were

unable to determine the exact site or size of the reported CNVs. EEF2

mRNA expression in TCGA tumors with an EEF2 amplification was

not significantly different to EEF2 expression in EEF2 deleted tumors

or tumors with no EEF2 copy number changes (EEF2 unaltered,

n = 450; p = 0.30 and p = 0.83, respectively). However, tumors with

an EEF2 deletion expressed significantly less EEF2 compared to EEF2

unaltered tumors (p = 0.007). There were no significant differences in

EEF2 protein expression between TCGA tumors with an EEF2 amplifi-

cation or an EEF2 deletion and EEF2 unaltered tumors (p = 0.12 and

p = 0.08, respectively). Notably, in terms of clinical characteristics,

TCGA tumors with either an EEF2 amplification or deletion had signifi-

cantly higher GSs than tumors without an EEF2 CNV (p = 0.03 and

p = 0.05, respectively).

3.5 | Co-expression of genes with EEF2

To further explore the impact of EEF2 amplification, we investigated

the expression of the top 20 genes that were positively

co-expressed with unaltered EEF2 (based on TCGA data) in tran-

scriptome data from six PcTas9 FFPE prostate tumors (Table S9).

Significantly dysregulated genes were then examined in TCGA

tumors with EEF2 copy number alterations. When comparing PcTas9

tumors with EEF2 exon 14/15 overexpression (n = 3) to those with-

out (n = 3), three genes on chromosome 22, ZNF74 (chr22q11.21),

RPL3 (chr22q13.1), and ADSL (chr22q13.1) were expressed at a

significantly higher level in EEF2 overexpressing samples (p = 0.02,

0.03, and 0.05, respectively). Given TCGA tumors with an EEF2

amplification were not observed to overexpress EEF2, it is interest-

ing to note that ADSL expression was significantly reduced in these

seven tumors when compared to EEF2 unaltered tumors (n = 450;

p = 0.02). In TCGA tumors with an EEF2 deletion and reduced EEF2

mRNA expression (n = 37), contrary to expected, ZNF74 and ADSL

were expressed at significantly higher levels than in EEF2 unaltered

tumors (p = 0.007 and 0.03, respectively).

We also investigated the expression of the top 20 genes

observed to be negatively co-expressed with unaltered EEF2

(Table S10). Only one gene, PLSCR1 (chr3q24), was expressed at sig-

nificantly lower levels in EEF2 overexpressing PcTas9 tumors (n = 3)

compared to those without EEF2 overexpression (n = 3, p = 0.04).

While there was no difference in PLSCR1 expression in TCGA tumors

with an EEF2 amplification, once again, contrary to expected, PLSCR1

expression was significantly lower in TCGA tumors with an EEF2 dele-

tion compared to EEF2 unaltered tumors (p = 1.5 � 10�5).

4 | DISCUSSION

Our study identified five regions recurrently altered in eight familial

prostate tumors from a single Australian family. The 1p36.21 region

of deletion was found in three tumors and while it has not been previ-

ously reported in PrCa, it has been linked to ovarian tumors.14 Five

PcTas9 prostate tumors harbored an amplification at 6p23-p22.3,

which has again not been reported in PrCa studies, however, 6p22

amplification has been identified in bladder15 and retinoblastoma

tumors.16 Four PcTas9 tumors were shown to harbor a gain at

6p24.2, a region which has not been reported in any CGH cancer

studies. The 17p13.3 region, amplified in five PcTas9 tumors, has pre-

viously been observed in familial,6 but not sporadic prostate tumors,

suggesting it may be unique to familial PrCa.6 Three PcTas9 tumors

had a deletion at 19p13.3 and all eight tumors had a gain within this

well-recognized PrCa locus. Not only has it been identified as a hered-

itary PrCa risk locus through linkage studies,17,18 but gain of this

region has only been observed in familial prostate tumors.5,6

Of the three genes underlying the 19p13.3 amplifications, EEF2

was amplified in all eight PcTas9 tumors. EEF2 (Eukaryotic Translation

Elongation Factor 2) is an essential factor for protein synthesis, pro-

moting GTP-dependent translocation of the nascent protein chain

from the A to the P-site of the ribosome.19 It is overexpressed in a

diverse range of cancer types, including PrCa, and interestingly, has

recently been suggested as a potential biomarker of PrCa.20

We observed significantly higher EEF2 exon 14/15 expression in

five of the eight aCGH samples and provided evidence for an amplifi-

cation in two additional PcTas9 samples, five other familial, and two

sporadic tumors. In total, 34% of our tumor resource appeared to

have an amplification of EEF2, the majority of which clustered in

PcTas9. Previous studies have also shown that amplification of

19p13, encompassing EEF2, has only been observed in familial

tumors.5,6 This and the frequency of the event in our familial cohort

suggests that the EEF2 amplification, and other common CNVs, may

not be random. Instead, their development could be driven by under-

lying inherited genetic variation, similar to that which has been postu-

lated to underpin the common TMPRSS2-ERG gene fusions.10,21,22
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Further evidence for this theory is provided upon evaluation of CNV

data from 494 TCGA prostate tumors unselected for family history,

where EEF2 amplification was only observed in seven tumors (1.4%).

However, interestingly, 37 TCGA prostate tumors had an EEF2 dele-

tion (7.5%), which was significantly associated with down-regulation

of EEF2 compared to tumors without an EEF2 CNV.

When evaluating protein expression in the Australian cohort,

tumors with an EEF2 CNV and/or upregulated EEF2 gene expression

were observed to have lower, but not significant, EEF2 protein

expression. While these results may be due to insufficient statistical

power or technical limitations to the IHC assay, the lack of correlation

between CNVs, mRNA expression, and/or protein expression is not

surprising. Recently, Goncalves et al. described the ProCan-

DepMapSanger data resource quantifying 8498 proteins across

949 cell lines, representing 40 cancer types.23 The data revealed

widespread protein regulatory events, such as posttranscriptional

attenuation of gene CNVs, which may explain why there is only partial

correlation between transcript and protein abundance.23 Furthermore,

in an integrative study by Latonen et al., they combined genomic and

transcriptomic analyses with proteomics from the same clinical pros-

tate sample and found that CNV and RNA expression levels did not

reliably predict proteomic changes.24 The discrepancy between gene

and protein expression is further complicated by multifocal disease

and intratumor heterogeneity in prostate tumors.25–27

Limited studies have investigated the relationship between EEF2

and clinicopathological features of PrCa. A study by Shi et al. observed

that EEF2 expression gradually increased with GS and tumor grade

(p = 0.045),28 while Zhang et al. observed a correlation between EEF2

protein expression and age at diagnosis, level of PSA, and GS.20 While

we did not detect an association between EEF2 overexpression and

GS in our familial cohort, possibly due to the small sample size, in

TCGA both EEF2 amplification and deletion were significantly associ-

ated with a higher GS. In fact, five of the seven (71.4%) tumors with

an amplification and 21 of the 37 (56.8%) tumors with an EEF2 dele-

tion had a GS ≥ 8. These results suggest that any dysregulation of

EEF2 may play a role in the development of a more aggressive disease

phenotype.

To elucidate the impact of EEF2 dysregulation further, we inves-

tigated the expression of genes that were co-expressed with unal-

tered EEF2 (based on TCGA data) in our Australian and TCGA

prostate tumors. Of the top 20 genes positively co-expressed with

EEF2, three genes, ZNF74, RPL3, and ADSL, had significantly higher

expression in familial PcTas9 tumors with EEF2 overexpression. Con-

trary to expected, two of these genes, ZNF74 and ADSL, were also

expressed at significantly higher levels in TCGA tumors with an EEF2

deletion and reduced EEF2 expression. Furthermore, a gene that was

observed to be negatively co-expressed with unaltered EEF2,

PLSCR1, had significantly lower expression both in PcTas9 tumors

with EEF2 overexpression and in TCGA tumors with an EEF2

deletion. While the number of familial tumors was limited, these

results suggest that any copy number change in EEF2 leads to

dysregulation of an overlapping set of genes. It could therefore be

speculated that the amplification of EEF2 results in overexpression

of a nonfunctioning transcript. Furthermore, ZNF74 (chr22q11.21),

RPL3 (chr22q13.1), ADSL (chr22q13.1), and PLSCR1 (chr3q24) all play

an integral role in transcription, protein formation, and posttranscrip-

tional modification.29–35 Current literature also indicates a relation-

ship between RPL3 and EEF2; both genes were among the top

10 hub genes identified in a differential gene expression analysis of

circulating tumor cells from metastatic colorectal cancer patients.36

Overall, our study suggests that EEF2 CNVs may lead to altered

expression of genes present in key pathways that are known to be

dysregulated in cancer.

The results of our study need to be considered in light of several

strengths and limitations. In comparison to other familial PrCa CGH

studies, the number of tumors assessed from a single PrCa family is

the largest to date. Furthermore, we utilized high-density arrays with

a genome-wide backbone in addition to customized probes to fine-

map specific chromosomal regions, including the EEF2 loci. This

allowed us to identify CNVs that were shared by distantly related indi-

viduals, strengthening the likelihood of the CNV being linked to

underlying inherited genetic factors. In the absence of germline

sequencing data, we were unable to determine whether somatic EEF2

deletions and/or amplifications correlate with germline genetic vari-

ants. However, this will be the focus of future research.

5 | CONCLUSIONS

Our study identified a novel, recurrent EEF2 amplification, which was

subsequently found to be significantly upregulated in 34% of a pre-

dominantly familial Australian tumor cohort. Examination of TCGA

tumors unselected for family history revealed EEF2 amplification in a

small proportion of prostate tumors (1.4%), however deletion and

downregulation of EEF2 was more common (7.5%), and both EEF2

amplification and deletion were significantly associated with high

tumor grades. Intriguingly, whether EEF2 was amplified in familial

tumors or deleted in unselected TCGA tumors, its dysregulation

appeared to have a similar effect on a set of genes involved in key

cancer pathways. Given the results presented here and the signifi-

cance of being able to exploit recurrent somatic events as biomarkers

and/or clinical targets, further study of EEF2 CNV in familial and spo-

radic PrCa datasets is imperative.
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