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ABSTRACT
The aim of this study was to establish the existence and interaction of TMPRSS2 — ERG gene fusion
status with clinicopathological features of prostate cancer patients. This research consisted of 123
embedded formalin-fixed tissues obtained from the prostate tumor patients. The above gene fusion is
detected through the technique of fluorescent in situ hybridization (FISH) by means of a triple color
probe. Seven samples have not been scored due to technical difficulties and 46 patients have fusion
(39.6%0), while the remaining (70) have not been seen with fusion. Of the 46 fusion-positive, 17 (36%b6)
were caused by ERG-translocation, of the other 29 (63%) were caused by the interstitial segment
deletion between the two genes due to their sequential position. In order to find a substantial
correlation between 116 patients (fusion took place in 46 and non-fusion in 70) with clinicopathological
features, the following findings were calculated: Our findings recorded non-significant correlation at
age, BMI and tumor size at which (P-value >0.05).While results showed significant association with:
pathological T stage (P value = 0.011), Gleason score (P value = 0.002), perineural invasion (P value =
0.047) and PSA (P value = 0.033). The clinicopathological features which had a considerable
correlation with fusion status are very important as they aid the doctors in prognosis and treatment of
such tumor.
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INTRODUCTION

The prostate is a gland present in some
organisms in the male reproductive system. It
rests underneath the bladder in the pelvis and
encircles the urethra (28). The inner structure
of the prostate is characterized by both lobes
and zones. It generates some of the semen
fluid (10). Prostate cancer (PCa) continues to
be a critical cause of morbidity and mortality
as it is the second commonest male
malignancy and the fifth - largest cause of
death. It accounts for 3.8% of all cancer deaths
throughout the male population (5, 15).
Incidences regarding prostate cancer have
risen dramatically in emerging and Asian
countries, including Irag. PCa mortality in Iraq
became 0.25 percent’s annual data released by
the World Health Organization (WHO). In
addition, the death rate is 7,02 out of 100,000
in Irag (22). Prostate cancer has quite an
incredibly complex genetic makeup spanning
copy number, point mutations, structural
rearrangements, and chromosome number
changes (20). A large share of prostate
carcinomas (PCA), though different incidences
across various patient cohorts, become present
in chromosome rearrangement involving E26
transformation-specific genes (ETS) (21).
ERG (E26 oncogene chromosome homolog
21q22.3) is only detected in prostate cancer.
ERG is proven to affect prostate cancer. In
50% of clinically established and metastatic
PCa samples it was first confirmed that the
oncogene ERG was abundantly expressed in
transcript level (26). Many investigations have
said that ERG fusion was the basis for this
over-expression, and that the commonest
HGPIN variant revealing TMRPSS2-ERG
fusion has been blended with TMPRSS2-ERG
PCa co-existing with androgen-driven gene
(16, 25). TMPRSS2-ERG fusion with a
reported range of 15%-80%, depending on the
clinical cohort and the methods of detection, is
a common rearrangement in prostate cancer.
There's also a tiny proportion (<10 percent) of
the fusions between ERG and 5' sensitised
androgens, such as (SLC45A3) (18). New
studies showed its potential role as a prognosis
measure and marker of prostate cancer with
the detection of ERG (13). In 2006, Perner et
al. concluded that there is a major link
between the existence of rearrangements with

488

ERG followed by 5'-ERG deletion and the
presence of metastatic diseases involving
pelvic lymph node (19). Later in 2007,
Demichelis et al. reported a substantial
correlation between TMPRSS 2-ERG fusion
and prostate death in a watchful waiting cohort
of 111 patients and a connection between ERG
alterations and major Gleason score (7). Many
methods were wused to recognize new
biomarkers of prostate carcinogenic cancer in
patients' tissues and blood to replace PSA
routine usage at present. This study was aimed
to determine the correlation between
TMPRSS2-ERG gene fusion and certain
clinical markers as a new prognostic marker
for prostate cancer by examining a cohort of
prostate cancer in a sample of Iragi patients
using fluorescence in situ Hybridization
(FISH) technique.

MATERIALS AND METHODS

Study subjects: One hundred and forty-nine
individuals were involved in this study for the
period from February — 2019 to February —
2020. The sample type was FFPE (formalin —
fixed embedded tissue) from the government
as well as from private facilities and
laboratories at Baghdad, Basra and Kufa/ Iraq.
123 samples of pre-diagnosed patients with
prostate cancer, aged between 48 and 86 years.
Staining method: The key staining method
that is used in histology is hematoxylin and
eosin stain (abbreviated as: H and E stain).
This protocol gave us an overview of the
pattern and distribution of cells in the tissue
that offers information of the structure of the
sample. A standard procedure for restricting
the tumor region of the tissue section has been
used to glean the protocol and the following
step was assumed as a precept (6).

Tissue microarrays (TMASs) construction:
A high-performance method of evaluating
prospective biomarkers and therapeutic goals
in preserved pathologic samples are available.
In several tumors on a single diaphragm,
TMAs provide simple routes for rapid
evaluation of molecular variation. Fluorescent
in situ hybridization (FISH) have been used
for in situ tissue analysis. Tissue microarrays
are made by exposing the T-SueTM Array (15
cores for each 4mm) for fired oven at 75° C
for 30 minutes, according to guidelines (T-
SueTM Microarray Kit). Leisurely immerse
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liquid paraffin till the surface of core rods was
submerged. The embedding cassette was
attached to the mould and paraffin was added
and cooled for 60 minutes at approximately 2 -
8 °C. the cassette was removed slowly from
the T-SueTM array mould. The tissue cores
from the donor blocks based on the outcome of
H and E stain were extracted with the punch
needle T-SueTM. The tissue cores will then be
moved to the receiver block. A slide of glass
(facing) was placed onto block and the
corresponding hole in blocks was incubated at
37 °C to 45°C overnight. The blocks were let
to cool for 20 minutes with the slide in a dry
ice tray. Then the slide was quickly removed

from the block and became ready for
microtome cutting (3).

FISH technique

TriChechrTM DNA probe (ZytoVision)

ZytoLight® SPEC ERG/TMPRSS2 DNA
designed to detect deletions from the genes
ERG and TMPRSS2 and other rearrangements
(translocations) of both genes as shown in
(figure 1). The slides were heated to 70°C
(each with 15 cores) for 10 minutes, including
(dewaxing, proteolysis) pretreatments were

performed in accordance with the ZytoLight
FISH-Tissue Implementation Package. Then
a denaturing phase of 75°C was taken about 10
minutes. Finally, at 37°C overnight, slides
were incubated to a hybridizing moisture trap.
DAPI/Dura Tech-Solution for cell nuclei
staining and suitable filter sets were adopted in
fluorescent microscopy (9).

FISH interpretation

The appropriate filter sets have been used, the
green (distal to the ERG), orange (close to the
ERG) and blue (distal to the TMPRSS2) (9).
Standard case

Two orange/green fusion signals and two blue
signals in normal cells or cells without
rearranging their respective gene regions (9).
Aberration

A 21922 locomotive with a deletion of
21922.2 resulting in the TMPRSS2-ERG
fusion is indicated by an orange signal with a
blue signal and a green signal loss. A separate
orange signal and a blue signal co-located with
the separate green signal are indicated for an
ERG translocation without the participation of
TMPRSS2 (9).

ERG

560Kb  775Kb

CEN D n TEL

TMPRSS2

895 Kb

Figure 1. ERG\TMPRSS2 probe map

Statistical analysis

Statistically, the discovery of a combination of
the positive and negative fusion TMPRSS2-
ERG with age, bodily mass index, PSA stage,
the Gleason score and tumor size) were
analyzed with the SPSS software version 26.
The results were evaluated for the checking of
the chi square and Fisher's reliable two by two
contingency tables were used and the results
had statistically significant when P is < 0.05

).

489

RESULTS AND DISCUSSION

This cohort of (116 prostate patients) with its
clinicopathological features was described in
Table 1. All the characteristics were taken at
the early diagnosis, which included age (that
has been divided into two groups (>68 and
<68) body mass index, tumor area, tumor
Stage, Gleason score, perineural invasion and
PSA level.
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Table 1. Clinicopathological features for 116 prostate cancer patients

Parameter Number (116) Percentage
Age >68(61) 53%
<68(55) 47%
Body mass index 18.5-24.9 (24) 21%
25-29.9 (62) 53%
>30(30) 26%
Tumor area >40% (65) 56%
<40% (51) 44%
Stage 2(45) 39%
3(43) 37%
4(28) 24%
Gleason score 3+4 (32) 27%
4+3 (14) 12%
8 (41) 35%
9,10 (29) 25%
Perineural invasion seen (55) 54%
not seen (46) 46%
PSA level <4(7) 6%
4-9.9 (64) 55%
10-19.9 (27) 23%
>20 (18) 16%

Of 123 samples, 7 were not scored due to
technical difficulties. The FISH results showed
that the 46 were considered positives
(TMPRSS2 - ERG gene fusion had occurred)
and 70 were negative that fusion was not
confirmed between the two genes. The Forty -
six samples with fusion genes are categorized

depending on fusion mechanisms; firstly,
translocation of the ERG gene but not
TMPRSS2 in 17 (36%) samples; secondly,
deletion in the interstitial segment between the
genes in 29 (63%) samples as illustrated in
(Figure 2).
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Fusion

Figure 2. The result of fluorescent in situ hybridization technique:
A- no gene aberration in which two green\orange and two separated blue signals
B- Deletion of interstitial segment between both genes results in gene fusion (one blue close to one
orange and one green is missing).
C- ERG translocation with 5 UTR of TMPRSS2 resulting in fusion gene (one blue close to green with
separated orange).

status and clinicopathological (44%) positives and 34 (56%) negatives for

characteristics: The range of patient’s age for
those with fusion genes (52 - 86 years) and
without fusion (48 - 86 years) is classified into
two groups: 61 were >68 years from which 27

fusion status and 55 were <68 years, 19 (35%)
positives and 36 (56%) negatives. No
significant correlation based on P - value was

Table 2. Association of age with fusion status

Age groups Total Positive (46) Percentage Negative (70) Percentage
>68 61 27 44% 34 56%
<68 55 19 35% 36 65%
P - value = 0.380; non-significant
For BMI's relationship with T2E-caused (16,14) for positive and negative respectively.

prostate cancer, the three classes were
evaluated; first was the standard range
between (18.5 - 24.9 kg/m) 9 (38%) and 15
(62%), second is overweight which range
between (25 - 29.9 kg \ m) 21 (34%) and 41
(66%), last one is obese in which (>30 kg\m)

No relation among BMI and prostate cancer
patients (P - value = 0.21) because the muscle
mass is not adequately reduced compared to
their fat mass for the elderly, many of them
have conditions that can also improve their
fluid mass.

Table 3. BMI values in comparison to positive and negative T2E

BMI Total Positive (46) Percentage Negative (70) Percentage
18.5-24.9 24 9 38% 15 62%
25-29.9 62 21 34% 41 66%
>30 30 16 53% 14 47%
chi-sq. = 1.569 [DF = 1] P = 0.210; non-significant

The region of a tumor was determined from
the total tumor cells of the sample to generate
two categories: > 40% n = 65 including 29
(45%) positive and 36 (55%) negative while

the other <40% n = 51 including 17 (33%)
positive and 34 (67%) negative and were not
correlated with fusion status (P - value =
0.297).

Table 4. Association of tumor area with fusion status

Tumor area Total Positive (46) Percentage Negative (70) Percentage
>40% 65 29 45% 36 55%
<40% 51 17 33% 34 67%

P - value = 0.297; non-significant (Fisher's exact test)
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For the classification of cancer pathological
stages according to the Union for International
Cancer Control (UICC), the TNM system is
used in this study there were available three

stages (T2, T3, T4). P-value (0.011) indicates
that the results reported were significantly
linked to cancer (Table 5).

Table 5. Association of pathological T stage with fusion status

Stage Total Positive (46) Percentage Negative (70) Percentage
2 45 10 22% 35 78%
3 43 22 51% 21 49%
4 28 14 50% 14 50%
X?=6.500, P - value = 0.011; significant

Prostate cancer pathologists use numbers from
1 to 5 obviously depends on how often the
cancerous tissue cells appear under the
microscope. This is called the scheme of
Gleason score. GS is very important to predict
prostate cancer behavior and to assess
appropriate treatment options. (3+3) or grade 1

is not regularly used because it could be well
differentiated or low grades and is probably
less aggressive; in other words they appear to
spread and expand slowly, so that other four
grades has been taken to analysis these results
which revealed significant differences when P-
value = 0.002 (table 6).

Table 6. Association of Gleason score with fusion status

Gleason score Total Positive (46) Percentage Negative (70) Percentage
3+4 32 4 13% 28 87%
4+3 14 8 57% 6 43%
8 41 22 54% 19 46%
9,10 29 12 41% 17 59%
X2 =15.046, P - value = 0.002 significant

Perineural invasion triggers the surrounding or
monitoring of cancer cells along a nerve fiber
in the prostate. This means that there is a
greater risk of cancer spreading beyond the

prostate. The recorded data are only valid for
101 samples and also compared to both fusion
statuses. The findings were important, as
shown in (table 7) since P - value = 0.047.

Table 7. Association of perineural invasion with fusion status

PNI Total Positive (46) Percentage Negative (70) Percentage
seen 55 29 53% 26 47%
Not seen 46 15 33% 31 67%
P - value = 0047; significant

Blood level of a person's prostate-specific
antigen (PSA) is also a good indication of
whether therapy is successful or has been
effective. It is also significant in the Gleason
score and the Pathological T stage prediction.
Most doctors found 4.0 ng/mL and lower PSA

levels to be normal. In our data set, four
separate PSA levels classes were considered
compared with the positive and negative
fusion genes. The findings were significant as
P - value = 0.033, as demonstrated in table 8.

Table 8. Association of PSA level with fusion status

PSA level Total Positive (46) Percentage Negative (70) Percentage
<4 7 3 43% 4 57%
4-9.9 64 18 28% 46 72%
10-19.9 27 14 52% 13 48%
>20 18 11 61% 7 39%
X?=8.727 P - value = 0.033; significant
TMPRSS2: ERG fusions generally occur early type of genetic fusion. In addition to

in prostate carcinogenesis with approximately
10%-20% of high-grade prostatic
intraepithelial neoplasia (a histologic precursor
to invasive prostate cancer) harboring this
fusion. Although there are several methods to
detect such gene rearrangement, in this study,
it has been proven that the FISH technique is
one of the best methods for diagnosing this
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diagnosing the presence or absence of fusion,
the researcher is able to know the mechanism
of the fusion gene, as in this study where it
was found translocation of the ERG gene but
not TMPRSS2 in 17 (36%) samples and
deletion in the interstitial segment between the
genes in 29 (63%) of the total fusion samples.
However, Hagen et al. also found that FISH
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technique is reliable in detecting the fusion
(12). In this study, the results showed no
significant relation between fusion status with
age, body mass index and tumor area. Our
results were consistent with many previous
studies, including Suh et al. (22), Mucci,
Lorelei et al. (17), and Yoshimoto et al. (27) as
most prostate cancer patients are in close age
stages starting from the age of 60 and up. At
these ages, the body mass index is affected by
many conditions includes the decreasing in
muscle mass and the possibility of the
presence of fat in certain areas in addition to
the effects of some diseases such as chronic
diseases with taking some medications, which
may have side effects with gain or loss weight.
The reason for the lack of a significant
association with the area of the tumor is
because the biopsy taken may be for the
purpose of the initial diagnosis, and sometimes
the tumor has passed to the rest of the organs
such as the bone, so there is no need for the
excision until after the implantation and to
ascertain the real cause and make the decision
for an appropriate treatment for the case and in
each, the biopsy does not represent the actual
area of the tumor. Our findings showed an
association of TMPRSS2-ERG rearrangement
with clinical and pathologic features of and
aggressive form of prostate cancer whereas 36
(78%) of total positive fusion were linked to
stage three and four. Similarly, such
association  of  fusion  positive  with
pathological T stage was confirmed by Attard
et al. (1) and Sung, Ji-Younet al. (21). The
other indicator of strong association in which
34 (74%) of total fusion positive were (8,9 and
10) according to Gleason score referring to
poorly differentiated cells with lack of gland
formation which corresponding to the study of
Buscheck et al. (4) and Suryavanshi et al (24).
Moreover, PNI was seen in 29 (53%) and this
characteristic if present, it considered
definitively a diagnostic of malignancy. This
observation has been concordant with Gopalan
et al. (11) and Lee, Seung-Ryeol et al. (14).
Finally, a number of benign (not cancerous)
conditions can cause a man’s PSA level to
rise. including prostatitis (inflammation of the
prostate) and benign prostatic hyperplasia
(BPH) (enlargement of the prostate). Although
there is no evidence that prostatitis or BPH
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leads to prostate cancer, many doctors now use
features of the cancer (such as the pathological
T stage, initial PSA level, and prostate biopsy
results) to divide the risk into the following
risk groups (very low, low, intermediate, high
and very high). Our survey has a significant
association with PSA level and agree with
Eguchi et al. (8) and Suryavanshi et al. (24).
CONCLOSION

TMPRSS2-ERG gene fusion has been
observed in 39.6% (46 out of 116) patients,
which corresponds almost to the global ratio
between 20 and 50 percent of prostate cancer
caused by the above-mentioned fusion genes.
The fusion patients were closely correlated
with their highest PT stage, Major GS and
PNI. While there are many methods to predict
the fusion genes, FISH technique is in order to
detect mechanisms of fusion, very accurate for
the detection of such rearrangements.
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