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Gain of the long arm of chromosome 8 (8q) is one of
the most common gains found in the advanced pros-
tate cancer by comparative genomic hybridization.
We have previously identified a putative target gene
for the 8q gain, EIF3S3, that encodes a p40 subunit of
eukaryotic translation initiation factor 3 (eIF3). Here,
we studied the frequency of the EIF3S3 amplification
in different stages of prostate cancer and co-amplifi-
cation of EIF3S3 and oncogene MYC. In addition,
prognostic utility of the EIF3S3 copy number alter-
ation was evaluated. The analyses were done with
fluorescence in situ hybridization and tissue microar-
ray technology. High-level amplification of EIF3S3
was found in 11 of 125 (9%) of pT1/pT2 tumors, 12 of
44 (27%) of pT3/pT4 tumors, and 8 of 37 (22%) of
lymph node metastases as well as in 26 of 78 (33%)
and 15 of 30 (50%) of hormone refractory locally
recurrent tumors and metastases, respectively. The
amplification was associated with high Gleason score
(P < 0.001). One of the 79 tumors with EIF3S3 ampli-
fication had only two copies of MYC, whereas all
tumors with amplification of MYC had also amplifica-
tion of EIF3S3 indicating common co-amplification of
the genes. Gain of EIF3S3 was associated with poor
cancer-specific survival in incidentally found prostate
carcinomas (P � 0.023). In the analyses of prostatec-
tomy-treated patients, the amplification was not sta-
tistically significantly associated with progression-
free time. In conclusion, amplification of EIF3S3 gene
is common in late-stage prostate cancer suggesting
that it may be functionally involved in the pro-
gression of the disease. (Am J Pathol 2001,
159:2089–2094)

During the past decades prostate cancer has become
the most commonly diagnosed cancer of men in many
Western countries.1 Despite the substantial clinical im-
portance of the disease, the molecular mechanisms un-
derlying the development and progression of the disease
are incompletely understood.2 Chromosomal aberrations
in prostate cancer have been studied with several tech-
niques, such as classical cytogenetics, loss of heterozy-
gosity analysis, fluorescence in situ hybridization (FISH),
and especially, by comparative genomic hybridization
(CGH).2 These studies have implicated several chromo-
somal regions, such as 6q, 8p, 10q, 13q, 16q, and Xq,
that may harbor genes involved in the tumorigenesis of
prostate cancer.3–9

Using CGH, we and others have previously shown that
one of the most common genetic aberrations in ad-
vanced prostate cancer is the gain of the long arm (q-
arm) of chromosome 8.3–7 It is found in up to 80% of
hormone-refractory tumors and distant metastases but
only in �5% of untreated primary prostate carcinomas.3,4

In the prostatectomy-treated patients, the gain of 8q
seems to be associated with advanced stage and poor
prognosis.7,10 In addition to prostate cancer, gain of 8q is
commonly found in several other malignancies, such as
breast, bladder, and ovarian cancers.11 For example,
almost half of the breast carcinomas contain gain of 8q.
And, the gain seems to be associated also with poor
survival.12

In most of the prostate tumors gain of 8q comprises the
whole q-arm. However, CGH studies have indicated that
there are, at least two independently amplified subchro-
mosomal regions, 8q21 and 8q23-q24, suggesting the
presence of several target genes.4,5 The well-known on-
cogene, MYC, located at 8q24.1, is considered to be a
putative target gene for the gain.4 To identify other pos-
sible target genes, we recently used the subtraction hy-
bridization technique to clone overexpressed genes in
breast and prostate tumors.13 We found that EIF3S3,
located at 8q23, was amplified and overexpressed in
approximately one-third of the hormone-refractory pros-
tate carcinomas.13,14 The EIF3S3 gene encodes for the
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p40 subunit of the eukaryotic translation initiation factor 3
(eIF3). eIF3 is the largest (�600 kd) translation initiation
factor protein complex, which has a central role in the
initiation of translation. It binds to 40S ribosomal subunits
in the absence of other initiation factors and preserves
the dissociated state of 40S and 60S ribosomal subunits.
It also stabilizes eIF2 � GTP � Met-tRNA binding to 40S
subunits and mRNA binding to ribosomes.15 However,
very little is known about the p40 subunit itself and how it
could be functionally involved in tumorigenesis.13,16

There are, however, suggestions that aberrant regulation
of translation could be important in the development of
cancer. For example, overexpression of initiation factors
EIF4E and EIF4G1 has been shown to transform normal
cells.17,18 In addition, amplification of EIF4G1, and over-
expression of EIF4E have been found in squamous cell
lung and breast carcinomas, respectively.19,20 Also, al-
lelic imbalance of INT6, which encodes for p48 subunit of
eIF3, has been detected in breast cancer.21 Recently, a
new gene EIF5A2, encoding a putative translation initia-
tion factor was cloned and shown to be amplified in the
subset of ovarian cancer.22,23

The aim of this study was to investigate the frequency
of the EIF3S3 amplification in different stages of prostate
cancer and to study the co-amplification of EIF3S3 and
MYC. In addition, prognostic utility of the EIF3S3 amplifi-
cation was evaluated. The analyses were done using
FISH and new tissue microarray technology allowing
large number of tumors to be rapidly analyzed.

Materials and Methods

Tissue Samples

The material consisted of three sets of prostate tumors.
Group I included 21 benign prostatic hyperplasias, 42
prostatic intraepithelial neoplasias, 183 radical prostatec-
tomy specimens, 20 Tru-Cut needle biopsy specimens of
stage T3/T4 prostate tumors, 95 hormone refractory pros-
tate tumors, and 39 distant metastases (obtained from
University of Basel and Tampere University Hospitals).
Fifty-four untreated local lymph node metastases were
obtained from Lund University Hospital. Clinical stage
and Gleason score of the tumors were available.

Group II included 112 incidentally found T1a/b tumors
from transuretral resections for benign prostatic hyper-
plasia obtained from the University of Basel. The age of
the patients at the time of diagnosis varied between 58
and 94 years with a mean of 76 years. FISH analysis was
successful in 105 of 112 specimens. Of those 105, there
were 20 Gleason 2-4, 60 Gleason 5-7, and 21 Gleason
8-10 tumors. Gleason score of four tumors was not avail-
able. The patients had been treated with standard ther-
apies. Overall and prostate cancer-specific survival data
were available.

Group III included 145 radical prostatectomy speci-
mens from the University of Basel. The age of the patients
at time of diagnosis was between 45 and 82 years with a
mean of 65.4 years. The TNM stage distribution of the
successfully hybridized cases was: 1 T1N0M0, 26

T2N0M0, 46 T3N0M0, 4 T2N1M0, 11 T3N1M0, and 6
T3N2M0. The TNM distribution was not available for 41
tumors. The Gleason score distribution was 100 Gleason
5-7, 33 Gleason 8-10 tumors, and 2 unknown. The pro-
gression-free time of the patients was available. The pro-
gression was defined either by increase in prostate-spe-
cific antigen levels (86% of cases), a positive finding in
bone scan (11% of cases), or by biopsy proven local
recurrence (3% of cases). The average recurrence-free
time was 4.5 years (range, 0.6 to 15.1 years).

FISH

Multitissue blocks were made from the original formalin-
fixed paraffin-embedded tumor blocks according to pub-
lished guidelines.24 Routine hematoxylin and eosin-stained
slides were used to evaluate the representativeness of the
samples. For the FISH analyses 5-�m sections from the
multitissue blocks were either cut onto SuperFrost Plus
slides (Menzel-Gläser, Braunschweig, Germany) and
baked overnight, or an adhesive-coated tape sectioning
system (Instrumedics, Hackensack, NJ) was used. A lo-
cus-specific PAC probe for EIF3S3 or MYC13 and peri-
centromeric probe for chromosome 8 (pJM128) were
labeled by nick translation with digoxigenin (locus-spe-
cific probes) and fluorescein-isothiocyanate (centro-
mere-specific probe). The deparaffinized slides were
treated with 1 mol/L NaSCN for 10 minutes at 80°C,
followed by incubation in 4 mg/ml pepsin (P-7012, in
0.9% NaCl, pH 1.5; Sigma Chemical Co., St. Louis, MO)
for 15 minutes at 37°C. The slides were then washed in
H2O and 2� standard saline citrate, followed by dehy-
dration in an ethanol series, and air-dried. The probes
were applied on the slides in a hybridization mix (50%
formamide, 10% dextran sulfate in 1� standard saline
citrate, pH 7) and then co-denatured with the samples at
80°C for 8 minutes. After hybridization for 2 to 3 days in a
humid chamber, the slides were washed and the locus-
specific probes were detected immunohistochemically
by anti-digoxigenin rhodamine. The slides were counter-
stained with 0.1 mol/L 4,6-diamidino-2-phenylindole in
Vectashield anti-fade solution (Vector Laboratories Inc.,
Burlingame, CA).

The FISH signals were scored from nonoverlapping
epithelial cells using an Olympus BX50 epifluorescence
microscope (Tokyo, Japan). A Photometrics charge-cou-
pled device camera (Photometrics, Tucson, AZ) and
IPLab software program (Scananalytics Inc., Fairfax, VA)
were used to capture images. The previously published
criteria for amplification13 were slightly modified because
tissue sections, instead of isolated nuclei, were analyzed
here. Briefly, the tumors were classified into three groups:
nonamplified (no increase in EIF3S3 or c-myc copy num-
ber), low-level amplification (3 to 5 copies per cell), and
high-level amplification (�5 copies of the genes per cell).
Tumors that showed �10% of malignant cells with in-
creased copy number of either EIF3S3 or c-myc were
considered to have copy number alterations.
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AJP December 2001, Vol. 159, No. 6



Statistical Analysis

Statistical analysis of the data were done using BMDP
Statistical Software Package.25 Pearson chi-square test
was used to evaluate the associations of the gene copy

number and tumor type, clinical stage, and Gleason
score. The survival differences of patients were evaluated
by Kaplan-Meier method, and the statistical significance
of survival differences between the patient groups was
determined with Mantel-Cox and Breslow tests.

Results

Figure 1 demonstrates a FISH analysis of a hormone-
refractory prostate tumor with high-level amplification of
EIF3S3.

Group I: this set of samples was used to study the
frequency of EIF3S3 amplification across different grades
and stages of prostate tumors. FISH analysis of the
EIF3S3 was successful in 369 of 454 (81.3%) of cases.
Table 1 summarizes the frequency of the EIF3S3 ampli-
fication in prostate tumors. No copy number changes
were found in nonmalignant (benign prostatic hyperpla-
sia) or premalignant (prostatic intraepithelial neoplasia)
prostate. The high-level amplification of EIF3S3 was
found only in �10% of local (pT1 and pT2) prostate
cancers, whereas hormone-naı̈ve lymph node metasta-
ses as well as hormone-refractory tumors showed the
amplification in �20 to 50% of the cases. Gain (or low-
level amplification) of EIF3S3 was found in �30 to 50% of
the prostate cancers. The amplification of the gene was
statistically significantly associated with advanced stage
of disease (P � 0.001) and high Gleason score (P �
0.001).

Group II: this set of samples was used to evaluate the
prognostic significance of EIF3S3 amplification in pros-
tate carcinomas that were incidentally found in transure-
thral resection specimens. FISH analysis was successful
in 105 of 112 (93%) of cases. High-level amplification of
EIF3S3 was found only in 6 of 105 cases (5.7%), whereas
low-level amplification was found in 27 of the 105 (26%).
Of the six cases with high-level amplification, five (83.3%)
had died during the follow-up period. In contrast, 18 of
the 27 (55.7%) cases with low-level amplification and 37
of the 72 (51.4%) cases without copy number alterations
had died. However, there was no association between

Figure 1. FISH analysis of the copy number of EIF3S3 gene in prostate
cancer. The analysis was performed on multitissue array format in which one
slide (A) contained up to �500 small (diameter, 0.6 mm) samples (B)
counterstained with 4,6-diamidino-2-phenylindole. C: Red signals indicated
�10 copies of the EIF3S3 gene and green color approximately six copies of
chromosome 8 centromere in a hormone-refractory prostate tumor.

Table 1. Association of EIF3S3 Amplification with Clinicopathological Variables

Variable

EIF3S3 copy number (%)

P valueNormal
Low-level

amplification
High-level

amplification

Specimen type
Androgen-dependent

BPH 19/19 (100) 0/19 (0) 0/19 (0) �0.001*
High-grade PIN 36/36 (100) 0/36 (0) 0/36 (0)
Prostatectomy specimen (T1/T2) 74/125 (59) 40/125 (32) 11/125 (9)
Locally advanced (T3/4) 18/44 (41) 14/44 (32) 12/44 (27)
Lymph-node metastases 10/37 (27) 19/37 (51) 8/37 (22)

Hormone-refractory
Local 20/78 (26) 32/78 (41) 26/78 (33)
Metastases 4/30 (13) 11/30 (37) 15/30 (50)

Gleason score
�7 79/115 (69) 31/115 (27) 5/115 (4) �0.001
�8 22/78 (28) 33/78 (42) 23/78 (30)

*Comparison made between all groups under the title “specimen type.”
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overall survival and EIF3S3 copy number alterations. The
prostate cancer-specific follow-up data were available
from 85 of the 105 cases. One tumor from the 10 (10%)
patients who had died of prostate cancer showed the
gene amplification, whereas only 2 tumors out of the 75
(3%) patients who had not died of prostate cancer
showed the amplification (Table 2). The difference was
not quite statistically significant (P � 0.084). In the dis-
ease-specific survival analysis (Figure 2A), the increased
copy number (either low- or high-level amplification) of
EIF3S3 was associated with poor survival (P � 0.023).

Group III: this set of samples was used to study prog-
nostic significance of the EIF3S3 amplification in patients
treated by radical prostatectomy. The FISH analysis was
successful in 135 of 145 (93.1%) cases. Eleven of 135
(8.1%) and 30 of 135 (22%) of the samples showed
high-level and low-level amplification of EIF3S3, respec-
tively. In a single case only one copy of chromosome 8
centromere and EIF3S3 were found. According to
Kaplan-Meir analysis, the progression-free survival was

slightly poorer for patients with EIF3S3 amplification than
in patients without the amplification (Figure 2B). However,
the difference was not statistically significant (P � 0.380).

By combining the data from all above-mentioned sam-
ples (n � 461), the co-amplification of EIF3S3 and c-myc
in almost all cases became evident (Table 3). There was
only one case with high-level EIF3S3 amplification with
two copies of MYC.

Discussion

Gain of 8q is one of the most common chromosomal
alterations in late-stage prostate cancer detected by
CGH.3–5 We have earlier identified a putative target gene
for the 8q gain, EIF3S3.13,14 Here, we analyzed the fre-
quency of the amplification of EIF3S3 in prostate carci-
nomas of different stages. None of the benign prostatic
hyperplasia or prostatic intraepithelial neoplasia lesions
showed amplification of the gene. In addition, the high-
level amplification was found to be rare in untreated
stage pT1/pT2 tumors. However, in locally advanced and
metastatic tumors, the amplification was found approxi-
mately in one-fourth of the cases. In hormone-refractory
tumors the amplification was detected in 30 to 50% of the
cases. The findings are in good agreement with our ear-
lier FISH analyses showing high-level amplification of the
gene in 13 of 44 (30%) of locally recurrent hormone-
refractory prostate carcinomas.13 The frequency of low-
level amplification in the locally recurrent hormone-refrac-
tory tumors was somewhat lower (41% versus 70%) than
we have previously reported.13 This may be because of
the fact that more tumors were analyzed here. In addition,
the FISH analysis was performed on tissue sections in-
stead of isolated nuclei as in our previous study.13 Lost
signals because of nuclear slicing may possibly lead to
underdetection of low-level amplifications. The amplifica-
tion was found almost eight times more often in poorly
differentiated tumors (Gleason score � 8) than moder-

Table 2. Association of EIF3S3 Amplification with Prostate Cancer-Specific Death in Incidentally Found Prostate Cancer

No. of cases (%)

EIF3S3 copy number

TotalNormal
Low-level

amplification
High-level

amplification

Alive or died of some other reason than prostate cancer 55 (73) 18 (24) 2 (3) 75 (100)
Dead 4 (40) 5 (50) 1 (10) 10 (100)

P � 0.084.

Figure 2. A: Prostate cancer-specific survival of incidentally found (n � 84)
prostate cancer patients according to the EIF3S3 copy number. The patients
had been treated with various forms of therapies according to routine clinical
practice. B: Progression-free survival of the prostatectomy treated men (n �
135) according to the EIF3S3 copy number.

Table 3. Co-Amplification of EIF3S3 and MYC

MYC copy number

No. of tumors

EIF3S3 copy number

Normal
Low-level

amplification
High-level

amplification

Normal 218 2 1
Low-level amplification 2 157 10
High-level amplification 0 3 68
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ately or well-differentiated tumors (Gleason score � 7).
Altogether, the results suggest that the amplification of
EIF3S3 is involved in the late progression of prostate
cancer.

The FISH analyses were done using tissue sections
making the evaluation of actual copy number of the gene
difficult. However, in the case of amplification, typically 5
to 10 signals per nucleus were seen indicating that the
level of amplification was quite moderate. The finding is
consistent with the earlier CGH studies, which most often
have shown gain of the whole q-arm of the chromosome,
and only rarely high-level regional amplification.3–5,9 This
feature makes the gain of 8q clearly different from, for
example gain of Xq, the second most common gain in
hormone-refractory prostate cancers. According to FISH
analysis, the amplification of the target gene of the Xq
gain, androgen receptor gene, typically consists of 10 or
more copies of the gene.26 However, we have previously
shown that even the moderately increased copy number
of EIF3S3 may lead to overexpression of the gene in
prostate cancer.13 Therefore, it is possible that amplifica-
tion of lower level but larger chromosomal region harbor-
ing many genes in 8q is selected for during the progres-
sion of prostate cancer.

Another putative target gene for the gain of 8q in
prostate cancer is MYC located at 8q24.1.4 We have
earlier shown that in a subset of breast carcinomas
EIF3S3 and MYC are not co-amplified.14 Here, in this
large series of prostate tumors, we found only one case in
which EIF3S3 was amplified without MYC amplification,
whereas all cases with MYC amplification had also
EIF3S3 amplification. The finding suggests that both
EIF3S3 and MYC may be important in the progression of
prostate cancer, and therefore they are equally selected
for. In addition to MYC and EIF3S3 there are other puta-
tive target genes for 8q gain in prostate cancer as well.
These include recently cloned prostate stem-cell antigen,
and GC79 encoding a zinc-finger protein, both located in
the 8q23-24 region.27,28 The other minimal commonly
amplified region in prostate cancer is 8q21 of which
target genes are still not known.4,5,9 Because there are
likely to be numerous putative target genes, it will be
important to compare the alterations of all of the different
putative target genes in large tumor materials as done
here for MYC and EIF3S3.

The prognostic significance of the EIF3S3 amplification
was retrospectively studied here in two sets of tumors. In
the cases of incidental prostate cancers, the amplifica-
tion was found in only �5% of cases. The number of
tumors with the amplification was too small for prognostic
analyses. However, by combining the groups of low- and
high-level amplification, we found that the increased
copy number of EIF3S3 was associated with poor dis-
ease-specific survival. Thus, it may be that the copy
number alteration of EIF3S3 could be useful in predicting
which incidental cancers are clinically significant. Evi-
dently larger studies are needed to confirm the finding.

In the second set of cases, 135 prostatectomy speci-
mens, from patients whose progression-free survival data
were available, were analyzed. Approximately 55% of the
patients with the amplification but only �30% of those

without amplification experienced progression. Although
the progression-free time curves showed a worse prog-
nosis for the patients with amplification of EIF3S3 than for
patients without the amplification, the difference was not
statistically significant. This is in some contrast to the
findings of Sato and co-workers,29 who have previously
suggested that MYC amplification is associated with poor
survival in prostatectomy treated stage C disease. Be-
cause MYC and EIF3S3 were almost always co-amplified,
it was evident that MYC did not have prognostic value in
our material either (data not shown). The major difference
between the studies by Sato and colleagues29 and by us
is that Sato and co-workers analyzed high-grade, stage
pT3 tumors, whereas our material consisted of both mod-
erately and poorly differentiated pT1-pT3 tumors. Thus,
for example, the frequency of 8q gain was higher in the
study by Sato and colleagues29 than in our study (54.2%
versus 30.4%). The definition of high-level amplification
was also different in the two studies. Sato and co-work-
ers29 found an “additional increase” of MYC in 19.4% of
cases, whereas high-level amplification of EIF3S3 (and
MYC) was found in only 8% of our prostatectomy series.
It may also be that because the cases in our study were
lower stage and grade, the prostatectomy had removed
these tumors before the effects of EIF3S3 (and/or MYC)
on progression had have enough time to affect.

In this study, the FISH analyses were performed in a
multitissue section format. The use of multitissue blocks
instead of original single tumor blocks has several ad-
vantages. It allowed us to screen a large number of
tumors in a relatively short period of time. Altogether 609
specimens were analyzed. Because the hybridizations
were done on a few slides (five slides per gene), the
slide-to-slide variation could also be expected to be low.
An additional advantage of multitissue slides is that, at
least in our hands, the FISH analyses seemed to work
better in this than in the traditional one tumor section per
slide format. This may well be because of the fact that in
the multitissue blocks the tissue samples are small and
equal in size. Therefore, the pretreatment of the slide,
which is the most important variable in the FISH analysis,
probably affects equally to each specimen on the slide.
The disadvantage of the multitissue technology is that
only a small proportion of the tumor is analyzed. Because
of the known intratumoral heterogeneity of prostate can-
cer, the absolute frequency of aberrations may thus be
somewhat underestimated. However, this possible un-
derestimation of absolute frequencies should not affect
the clinicopathological associations based on a large
number of specimens, because all specimens on a tissue
microarray are subjected to the same sampling limita-
tions.

In conclusion, we have shown here that the high-level
amplification of EIF3S3 gene is associated with ad-
vanced stage, androgen independence, and poor differ-
entiation of prostate cancer. The gene is in most of the
cases co-amplified with MYC. Both association with ad-
vanced stage and preliminary prognostic analyses sug-
gest that amplification of EIF3S3 might be important for
the progression of prostate cancer. Further studies are
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warranted to evaluate the function of the gene as well as
possible prognostic utility of the amplification.
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