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Abstract: Background and Objectives: Prognostic biomarkers in prostate cancer (PCa) include PTEN,
ERG, SPINK1, and TFF3. Their relationships and patterns of expression in PCa in developing
countries, including Jordan, have not yet been investigated. Materials and Methods: A tissue microarray
(TMA) of PCa patients was taken from paraffin-embedded tissue blocks for 130 patients. PTEN,
ERG, SPINK1, and TFF3 expression profiles were examined using immunohistochemistry (IHC) and
correlated with each other and other clinicopathological factors. Results: PTEN loss of any degree
was observed in 42.9% of PCa cases. ERG and TFF3 were expressed in 59.3% and 46.5% of PCa cases,
respectively. SPINK1 expression was observed in 6 out of 104 PCa cases (5.4%). Among all PCa cases
(n =104), 3.8% (n = 4) showed SPINK1+/ERG+ phenotype, 1.9% (n = 2) showed SPINK1+/ERG-
phenotype, 56.7% (n = 59) showed SPINK1-/ERG+ phenotype, and 37.5% showed SPINK1-/ERG-
phenotype (n = 39). Among ERG positive cases (1 = 63), 6.3% were SPINK1 positive. Among SPINK1
positive cases (1 = 6), 66.7% were ERG positive. SPINK1 expression was predominantly observed
in a subgroup of cancers that expressed TFF3 (6/6). Additionally, a statistically significant loss of
PTEN expression was observed from Gleason Score 6 (GS6) (Grade Group 1 (GG1)) to GS9-10 (GG5);
(p-value 0.019). Conclusions: This is the first study to look at the status of the PTEN, ERG, SPINK1,
and TFF3 genes in a Jordanian Arab population. Loss of PTEN has been linked to more aggressive
prostate cancer with high GSs/GGs. SPINKI1 expression was predominantly observed in a subgroup
of cancers that expressed TFF3. Our results call for screening these biomarkers for grading and
molecular subtyping of the disease.
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1. Introduction

Prostatic carcinoma (PCa) is the fourth most common malignancy in both sexes com-
bined, with an estimated rate of 7.3% after female breast (11.7%), lung (11.4%), and col-
orectal (10.0%) [1]. PCa is the eighth-leading cause of cancer death with an estimated rate
of 3.8% surpassed by lung (18.0%), colorectal (9.4%), liver (8.3%), stomach (7.7%), female
breast (6.9%), esophagus (5.5%), and pancreas (3.8%) [1]. In Jordan, PCa is the fourth most
common cancer among the male population, with an incidence rate of 15.9 per 100,000
and a mortality rate of 8.3 per 100,000 [2]. It is known that multiple genetic alterations
are displayed in the prostate gland, leading to the development of PCa. Studying these
genetic changes could be challenging [3-6]. Phosphatase and TENsin homolog (PTEN),
Erythroblast transformation-specific-related gene (ERG), Serine protease inhibitor Kazal-
type 1 (SPINK1), and Trefoil Factor 3 (TFE3) have been identified as important biomarkers
for prostate cancer.

PTEN, a tumor suppressor gene located on chromosome 10q23, plays a major role in
cell growth, survival, and migration by inhibiting the PI3K/AKT signaling pathway [7].
Loss or inactivation of PTEN has been observed in various cancers, including PCa and breast
cancer [7]. ERG is an oncogene encoding for a protein that functions as a transcriptional
regulator. It is engaged in multiple translocations such as TMPSSR2-ERG and NDRG1-ERG
resulting in its overexpression in PCa [8]. ERG fusion proteins have been shown to promote
prostate cancer cell proliferation and invasion [9]. An association between PTEN loss and
ERG gene rearrangements was also observed in a subset of PCa, which is the most common
genetic abnormality in PCa [6,10]. In 1948, Kazal et al. detected SPINK1 protein in the urine
of an ovarian cancer patient. It is a trypsin inhibitor that was later found to be expressed in
pancreatic acinar cells and various diseases [11-15]. It was also proposed that the SPINK1
protein is a marker for PCa that lacks ETS gene fusions. Furthermore, it was noted that
SPINK1 expression was associated with poor prognosis in PCa patients [16]. However,
other studies did not find SPINK1 expression to be a useful prognostic marker [17-20].
TFF3 is a peptide that is secreted by intestinal goblet cells and has been found in multiple
organs, diseases, and tumors [21-25]. Furthermore, TFF3 has been found to be a leading
factor in cancer, contributing to cellular proliferation, evasion of apoptosis, tumor invasion,
and the formation of new blood vessels [26].

In 2013, Park et al. discovered that a coexpression of ERG and TFF3 by immunohisto-
chemistry (IHC) is relevant for PCa detection, with a sensitivity of 76% and a specificity of
96% [23]. However, TFF3 is negatively correlated with TMPRSS2-ERG status in specimens
collected from surgically treated PCa patients [27]. Additionally, other studies revealed that
ERG, TFF3, and SPINKT1 are associated with increased cell motility and/or aggressiveness
of PCa, suggesting that the aforementioned gene products potentially play a role in PCa
development and/or progression [16,27,28]. This study was conducted to highlight the im-
portance of PTEN, ERG, SPINK1, and TFE3 as a biomarker for PCa grading and molecular
subtyping.

2. Material and Methods
2.1. Specimen Collection

A total of 130 PCa specimens were collected from the archives of King Abdullah Uni-
versity Hospital (KAUH) in Irbid, Jordan, spanning a period between 2005 and 2018. PCa
cases included 54 radical prostatectomies (RP) and 76 transurethral resections of prostate
(TURP). Using a fully automated tissue microarrayer (TMA Master Il 3DHISTECH), three
TMA blocks were generated from this cohort. Each block was put together blindly without
any prior knowledge of clinical or pathological staging. From the paraffin-embedded tissue
blocks comprising benign and PCa, one to nine cores (average 3.3), 0.6 mm in diameter,
were sampled from each case.

Following construction, 4 pm sections were cut and stained with hematoxylin and
eosin on the initial slides to confirm the histological diagnosis and Gleason Score (GS) and
Grade Group (GG)/International Society of Urological Pathology (ISUP) grading. Three
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pathologists (SAB, NA, and MSA) independently and blindly assessed all cases. According
to the criteria of the 2005 and 2014 ISUP consensus conferences [29,30], we sampled both
Gleason patterns originally present in RP or TURP to reflect the GS and GG from each
patient. The ISUP grading group score was divided into two groups: low-risk (GG 1-3)
and high-risk (GG 4-5).

From patients” medical records, clinical data including age, preoperative prostate-
specific antigen (PSA), postoperative PSA, and biochemical recurrence were obtained. A
case was considered to have a biochemical recurrence if there was an increase in PSA level
above 0.2 ng/mL [31]. All PCa cases were diagnosed as prostatic acinar adenocarcinoma.
No mixed (acinar/ductal) or ductal adenocarcinoma cases were included. The study was
approved by the Institutional Review Board of Jordan University of Science and Technology.

2.2. Immunohistochemistry (IHC) Evaluation

IHC was conducted on 4 -um sections of the TMA for PTEN, ERG, SPINK1, and TFF3
using a Dako Autostainer-Plus (Dako, Denmark) according to the manufacturer’s guide-
lines. In this study, a polyclonal rabbit PTEN antibody (Y18 ab32199, Abcam, Cambridge,
UK), a monoclonal rabbit ERG antibody (Y18 ab133264, Abcam, UK), a monoclonal rabbit
SPINK1 antibody (Y18 ab207302, Abcam, UK), and a monoclonal rabbit TFF3 antibody
(Y18 ab108599, Abcam, UK) were used. After dewaxing the tissue, antigen retrieval was
performed for 20 min in PT-link (DAKO, Glostrup, Denmark) using High PH buffer. The
slides were washed in phosphate-buffered saline before being blocked with 2.5% hydrogen
peroxide. The sections were incubated for 30 min at room temperature with PTEN, ERG,
SPINK1, and TFF3 (Ref CM 421C). The Dako Flex dual link detection kit (secondary an-
tibody and DAB system K 8000, DAKO, Denmark) at a dilution of 1:100 was utilized for
signal detection. Some IHC-stained tissue was lost during specimen cutting and staining;
the remaining tissue was evaluated with 112 specimens for PTEN, 108 specimens for ERG,
104 specimens for SPINK1, and 114 specimens for TFF3.

PTEN, ERG, SPINK1, and TFF3 staining in the tumor was compared with stromal
and endothelial cell reactivity, which was regarded as an internal positive control, while
benign prostatic glands served as an internal negative control. The amount of staining
was graded using a four-tiered system: 0 (negative), 1+ (weak), 2+ (moderate), and 3+
(intense) reactivity, as well as the proportion of positive tumor cells (Figure 1). Three expert
pathologists (SAB, NA, and IIM) independently and blindly examined the immunostaining,
and IHC scores for PTEN, ERG, SPINK1, and TFF3 expression were established. The
overall agreement between separate reviewers was 95%, and in the rare cases where there
was interobserver variability, the consensus was achieved by a collaborative microscopic
review. We considered the scores 0-1 as ‘PTEN loss” and 2-3 as “intact PTEN’. In regard
to ERG, SPINK1, and TFF3 expression, 2+ to 3+ (moderate to intense) staining were
treated as positive, and 0 to 1+ (negative to weak) staining were considered as negative.
A multiplicative quick score was calculated as the product of intensity scores and the
percentage of stained tumor cells.
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Figure 1. IHC for PTEN, ERG, SPINK1, and TFF3. Intact PTEN in benign tissue (A). PTEN loss in
PCa, Score 0 (B) and Score 1 (C). Intact PTEN in PCa, Score 2+ (D), and Score 3+ (E). Negative ERG in
benign tissue (F). Negative ERG in PCa, Score 0 (G), and Score 1+ (H). Positive ERG in PCa, Score 2+
(I), and Score 3+ (J). Negative SPINK1 in benign tissue (K). Negative SPINK1 in PCa, Score 0 (L), and
Score 1+ (M). Positive SPINK1 in Pca, Score 2+ (N), and Score 3+ (O). Negative TFE3 in benign tissue
(P). Negative TFF3 in Pca, Score 0 (Q), and Score 1+ (R). Positive TFE3 in PCa, Score 2+ (S), and Score
3+ (T).

Data were presented using numbers and percentages as well as means and standard
deviations as appropriate. Chi-square test was used for comparison of proportions. Alpha
level was set at 0.05.

3. Results

A total of 130 PCa cases were included in this study. The mean (SD) age at PCa
presentation was 71.41 (10.94) years, and the mean (SD) of baseline serum PSA level was
67.07 (161.72) ng/mL. About one-third (29.2%, n = 38) of cases were GS 3 + 4(GG 2).
However, 41.5% (n = 54) were GG5 according to the WHO-ISUP GG system. Only 47 PCa
cases had a recorded pathological stage, among which twenty-six cases (55.3%) being
classified as pathological stage 2, and only one case (2.1%) was classified as pathological
stage 4 (Table 1).
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Table 1. Clinicopathological variables and biopsy score among Northern Jordan prostate

cancer patients.

Age at presentation (Years)
Mean (SD)
Median (IQR)

71.41 (10.94)
72.0 (13)

Baseline serum PSA (ng/mL)
Mean (SD)

67.07 (161.72)

Median (IQR) 12.6 (42.79)
Number Percent
3+3 20 15.4
3+4 38 29.2
4+3 7 5.4
Gleason Score 3+5 1 0.8
4+4 10 7.7
4+5 28 21.5
5+4 5 3.8
5+5 21 16.2
Total 130 100.0
1 20 15.4
2 38 29.2
ISUP Score (Grade Group) 3 7 5.4
4 11 8.5
5 54 41.5
Total 130 100.0
. 2 26 55.3
Pathologic stage 3 20 06
4 1 2.1
Total 47 100.0

The expression of IHC stains for PTEN, ERG, SPINK1, and TFF3 was correlated with
patient age at presentation and preoperative PSA level. The expression of ERG and TFF3
was significantly correlated with patient age (p-value 0.011 and 0.019; respectively). The
mean for preoperative PSA level was 117.45 ng/mL for PTEN loss (n = 46) and 36.6 ng/mL
for intact PTEN (n = 58) (p-value 0.017). However, no statistically significant difference was
found in the expression of PTEN and SPINK1 IHC stains and patient age at presentation.
Furthermore, the expression of ERG, SPINK1, and TFF3 revealed no significant correlation
with the preoperative PSA level (Table 2).
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Table 2. Distribution of study participants by mean age, mean PSA, ISUP Score, and by PTEN, ERG, SPINK1, and TFF3 IHC.
PTEN ERG SPINK1 TFF3
Loss Intact Negative  Positive Negative  Positive Negative  Positive
Mean age at presentation 70.51 70.72 73.88 68.49 70.89 68.5 72.82 68.08
seatp (n=47)  (1=60)  Total  (1=4)  (1=61)  Toal  (1=90)  (1=4)  Total  (1=60) (1=49)  Total
p-value 0.920 0.011 0.62 0.019
. 117.45 36.60 80.84 69.30 77.47 56.84 67.03 76.02
Mean Preoperative PSA (ng/mL) , _ ), _5g) (n=39)  (n=61) (n=92)  (n=4) (n=57)  (n=48)
p-value 0.017 0.751 0.820 0.832
GGl Number 2 15 17 5 12 17 16 1 17 8 11 19
Percent 11.8% 88.2% 100% 29.4% 70.6% 100% 94.1% 5.9% 100.0% 42.1% 57.9% 100%
e Number 11 21 32 15 18 33 30 1 31 16 16 32
ISUP Percent 34.4% 65.6% 100% 45.5% 54.5% 100% 96.8% 3.2% 100.0% 50.0% 50.0% 100%
Score cca Number 3 2 5 1 4 5 4 0 4 4 2 6
(é;rade Percent 60.0% 40.0% 100% 20.0% 80.0% 100% 100.0% 0.0% 100.0% 66.7% 33.3% 100%
roup,
GG) GG Number 6 5 11 6 5 11 10 1 11 6 5 11
Percent 54.5% 45.5% 100% 54.5% 45.5% 100% 90.9% 9.1% 100.0% 54.5% 45.5% 100%
GG5 Number 26 21 47 17 25 42 38 3 41 26 20 46
Percent 55.3% 44.7% 100% 40.5% 59.5% 100% 92.7% 7.3% 100.0% 56.5% 43.4% 100%
Total Count 48 64 112 44 64 108 98 6 104 61 53 114
ota Percent 42.9% 57.1% 100% 40.7% 59.3% 100% 94.2% 5.8% 100.0% 53.5% 46.5% 100%
p-value 0.019 0.563 0.971 0.790
Low 16 38 54 21 34 55 50 2 52 28 29 57
33.3% 59.4% 100% 47.7% 53.1% 100% 51.0% 33.3% 100% 46.7% 53.7% 100%
Risk group High 32 26 58 23 30 53 48 4 52 32 25 57
66.7% 40.6% 100% 52.3% 46.9% 100% 48.0% 66.7% 100% 53.3% 46.3% 100%
p-value 0.009 0.696 0.678 0.574
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Among study participants, 48 cases (42.9%) exhibited a lack of PTEN expression (IHC
scores 0 or 1), while the remaining cases (1 = 64, 57.1%) showed intact PTEN expression
(IHC score 2 or 3). In contrast, positive ERG was observed in 64 cases (59.3%), SPINK1
expression was observed in 6 cases (5.8%), and TFF3 staining was detected in 53 cases
(46.5%) (Table 2).

A significant relation was observed between PTEN expression and ISUP Score which
revealed a potential increased loss of PTEN expression as ISUP Score increases (p-value
0.019). Among cases with ISUP GG5, 55.3% showed PTEN loss, while 44.7% showed
intact PTEN expression. On the other hand, 11.8% of ISUP GG1 showed PTEN loss and
88.2% showed intact PTEN expression. Similar statistical results were observed for the
relationship between risk groups and PTEN (p-value 0.009) (Table 2).

As shown in Table 3, among all PCa cases (1 = 104), 3.8% (1 = 4) showed SPINK1+/ERG+
phenotype, 1.9% (n = 2) showed SPINK1+/ERG- phenotype, 56.7% (n = 59) showed
SPINK1-/ERG+ phenotype, and 37.5% showed SPINK1-/ERG- phenotype (1 = 39). Among
ERG positive cases (n = 63), 6.3% were SPINK1 positive. Among SPINK1 positive cases
(n =6), 66.7% were ERG positive. The distribution of PCa cases was statistically significant
by SPINK1 and TFF3 but not by SPINK1 and ERG or PTEN. Among the TFF3 positive
cases, 11.5% were SPINK1 positive and among the TFF3 negative cases, 0% were SPNIK1
positive (p-value= 0.013). Among the SPINKI1 positive cases (1 = 6), all were TFF3 positive
while among the SPINK1 negative cases (n = 98), 52 were TFE3 negative, and 46 were
TFF3 positive.

Table 3. Distribution of study participants by SPINK1 and by ERG, TFE3, and PTEN.

SPINK1
Negative Positive Total p-Value
Number percent Number percent Number
Negative 39 95.1% 2 4.9% 41
ERG Positive 59 93.7% 4 6.3% 63 0-557
Total 98 94.2% 6 5.8% 104
TFF3 Negative 52 100% 0 0% 52 0.013
Positive 46 88.5% 6 11.5% 52
Total 98 94.2% 6 5.8% 104
Loss 42 97.7% 1 2.3% 43 0.178
PTEN Intact 53 91.4% 5 8.6% 58
Total 95 94.1% 6 5.9% 101

4. Discussion

PCa is the most frequent male malignancy and the fifth greatest cause of cancer mor-
tality in males worldwide [32,33]. In 2020, there were 1,414,249 newly diagnosed cases and
375,000 fatalities globally from this cancer [1,32-35]. PCa is the most commonly diagnosed
malignancy in more than half of the world’s countries (112 out of 185) [36]. Malignancy in
the prostate gland begins when cells of the prostate start to grow uncontrollably, typically
accompanied by genetic and epigenetic changes that drive abnormal cell development. The
most common changes that are seen in PCa are mutations in the PTEN, ERG, SPINK1, and
TFF3 genes.

PTEN mutation in PCa has been associated with more aggressive behavior and poor
prognosis. Several studies have reported a loss of PTEN in approximately 40-60% of PCa
cases [37,38]. Findings of the current study are consistent with these results, as we observed
PTEN loss in 42.9% of the evaluated cases, in which it is associated with a significant
increase in tumor ISUP Score (p-value 0.019). In the current study conducted with PCa
patients from the Middle East, the observed frequency of PTEN loss (42.9%) falls within
the reported range in cohorts from Western countries but is higher than the rates reported
in East Asian cohorts [37-40]. Similarities between our findings and those from Western
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countries may indicate similar biological behavior of the tumor, thus implicating the
usefulness of results of clinical studies conducted in Western population for the therapeutic
benefit of patients from the Middle East.

Chromosomal translocation resulting in the generation of the TMPRSS2-ERG fusion
gene has been found in 50% of PCa [41]. In a study by Aldaoud et al., the prevalence of
ERG expression was evaluated in Jordanian-Arab PCa patients [42]. It was discovered that
33% of analyzed specimens had ERG expression, which is lower than in the Western PCa
population but greater than in Asian cohorts. In our study, we observed ERG expression in
62.2% of our PCa cases, which is higher than the results reported by Bismar et al., where
the rate was found to be 41.5% [43].

Further studies are needed in diverse racial populations to investigate the influence of
genetic, epigenetic, lifestyle, and environmental factors in more detail. These studies will
help determine the causes of some of the variations in the frequency of PTEN loss and ERG
expression in PCa between populations from Western Europe, North America, East Asia,
and Jordanian patients [42].

In a study conducted by Terry et al. in 2015, it was found that TFF3 expression is
present in 66% of PCa cases with observed correlation between patient age and TFF3
expression [44]. Our results reveal that 46.5% of PCa cases show TFF3 overexpression, and
TFE3 overexpression is seen in the younger age group (p-value 0.019).

Overexpression of SPINK1 has been linked to poor prognosis in several cancers
including PCa [45]. In our study, we identified SPINK1 expression in 5.8% of cases. In
contrast, a study conducted by Risdnen et al. reported presence of SPINK1 in 10% of their
cohort [46]. Moreover, Terry et al. [44], observed that every PCa with SPINK1 positivity had
also TFF3 positivity which is concordant with our results. Our findings reveal that SPINK1
expression was predominantly observed in a subgroup of cancers that expressed TFF3
(n = 6/6, p-value 0.013 highlighting the potential significance of assessing both TFF3 and
SPINKT1 statuses in order to stratify the risk of PCa patients. Finally, the evaluation of ERG,
TFF3, and SPINK1 could be an attractive approach to determine both tumor heterogeneity
and PCa subtypes.

5. Conclusions

This is the first study to look at the status of the PTEN, ERG, SPINK1, and TFF3 genes
in a Jordanian Arab population. Loss of PTEN has been linked to more aggressive prostate
cancer with high GSs/GGs. SPINK1 expression was predominantly observed in a subgroup
of cancers that expressed TFF3. Our results call for screening these biomarkers for grading
and molecular subtyping of the disease.
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Abbreviations

PCa Prostate cancer

T™A Tissue microarray

PTEN Phosphatase and TENsin homolog

ERG Erythroblast transformation-specific-related gene (ETS-related gene)

SPINK1 Serine protease inhibitor Kazal-type 1
TFF3 Trefoil Factor 3

RP Radical prostatectomies
TURP Transurethral resections of prostate
GS Gleason Score
GG Grade Group
ISUP International Society of Urological Pathology
PSA Prostate-Specific Antigen
IHC Immunohistochemistry
References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN

Ll

10.

11.

12.

13.

14.

15.

16.

17.

18.

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer |. Clin. 2021, 71, 209-249. [CrossRef]
[PubMed]

Hilal, L.; Shahait, M.; Mukherji, D.; Charafeddine, M.; Farhat, Z.; Temraz, S.; Khauli, R.; Shamseddine, A. Prostate Cancer in the
Arab World: A View From the Inside. Clin. Genitourin. Cancer 2015, 13, 505-511. [CrossRef] [PubMed]

Greaves, M.; Maley, C.C. Clonal evolution in cancer. Nature 2012, 481, 306-313. [CrossRef] [PubMed]

Hanahan, D.; Weinberg, R.A. Hallmarks of Cancer: The Next Generation. Cell 2011, 144, 646-674. [CrossRef] [PubMed]
Demichelis, F,; Setlur, S.R.; Beroukhim, R.; Perner, S.; Korbel, ].O.; LaFargue, C.J.; Pflueger, D.; Pina, C.; Hofer, M.D.; Sboner, A.;
et al. Distinct genomic aberrations associated with ERG rearranged prostate cancer. Genes Chromosomes Cancer 2009, 48, 366-380.
[CrossRef]

Jalava, S.E.; Porkka, K.P; Rauhala, H.E.; Isotalo, J.; Tammela, T.L.; Visakorpi, T. TCEB1 promotes invasion of prostate cancer cells.
Int. ]. Cancer 2008, 124, 95-102. [CrossRef]

Hyun, T; Yam, A,; Pece, S.; Xie, X.; Zhang, J.; Miki, T.; Gutkind, J.S.; Li, W. Loss of PTEN expression leading to high Akt activation
in human multiple myelomas. Blood 2000, 96, 3560-3568. [CrossRef] [PubMed]

Tomlins, S.A.; Rhodes, D.R,; Perner, S.; Dhanasekaran, S.M.; Mehra, R.; Sun, X.W.; Varambally, S.; Cao, X.; Tchinda, J.; Kuefer, R,;
et al. Recurrent Fusion of TMPRSS2 and ETS Transcription Factor Genes in Prostate Cancer. Science 2005, 310, 644-648. [CrossRef]
John, ].S.; Powell, K.; Conley-LaComb, M.K.; Chinni, S.R. TMPRSS2-ERG fusion gene expression in prostate tumor cells and its
clinical and biological significance in prostate cancer progression. J. Cancer Sci. Ther. 2012, 4, 94-101. [CrossRef]

Bismar, T.A.; Yoshimoto, M.; Vollmer, R.T.; Duan, Q.; Firszt, M.; Corcos, J.; Squire, J.A. PTEN genomic deletion is an early event
associated with ERG gene rearrangements in prostate cancer. BJU Int. 2011, 107, 477-485. [CrossRef]

Stenman, U.H.; Huhtala, M.L.; Koistinen, R.; Seppéld, M. Inmunochemical demonstration of an ovarian cancer-associated urinary
peptide. Int. |. Cancer 1982, 30, 53-57. [CrossRef] [PubMed]

Higashiyama, M.; Monden, T.; Ogawa, M.; Matsuura, N.; Murotani, M.; Kawasaki, Y.; Tomita, N.; Murata, A.; Shimano, T.; Mori,
T. Immunohistochemical Study on Pancreatic Secretory Trypsin Inhibitor (PSTI) in Gastric Carcinomas. Am. J. Clin. Pathol. 1990,
93, 8-13. [CrossRef] [PubMed]

Ohmachi, Y.; Murata, A.; Yasuda, T.; Yasuda, T.; Monden, M.; Mori, T.; Ogawa, M.; Matsubara, K. Specific expression of the
pancreatic-secretory-trypsin-inhibitor (PSTI) gene in hepatocellular carcinoma. Int. |. Cancer 1993, 55, 728-734. [CrossRef]
[PubMed]

Ozaki, N.; Ohmuraya, M.; Hirota, M.; Ida, S.; Wang, J.; Takamori, H.; Higashiyama, S.; Baba, H.; Yamamura, K.-I. Serine Protease
Inhibitor Kazal Type 1 Promotes Proliferation of Pancreatic Cancer Cells through the Epidermal Growth Factor Receptor. Mol.
Cancer Res. 2009, 7, 1572-1581. [CrossRef]

Kazal, L.A.; Spicer, D.S.; Brahinsky, R.A. Isolation of a Crystalline Trypsin Inhibitor-Anticoagulant Protein from Pancreas '2. J.
Am. Chem. Soc. 1948, 70, 3034-3040. [CrossRef]

Tomlins, S.A.; Rhodes, D.R.; Yu, ].; Varambally, S.; Mehra, R.; Perner, S.; Demichelis, F; Helgeson, B.E.; Laxman, B.; Morris, D.S,;
et al. The Role of SPINK1 in ETS Rearrangement-Negative Prostate Cancers. Cancer Cell 2008, 13, 519-528. [CrossRef] [PubMed]
Grupp, K,; Diebel, E; Sirma, H.; Simon, R.; Breitmeyer, K.; Steurer, S.; Hube-Magg, C.; Prien, K.; Pham, T.; Weigand, P; et al.
SPINKI1 expression is tightly linked to 6q15- and 5q21-deleted ERG-fusion negative prostate cancers but unrelated to PSA
recurrence. Prostate 2013, 73, 1690-1698. [CrossRef]

Lippolis, G.; Edsjo, A.; Stenman, U.H.; Bjartell, A. A high-density tissue microarray from patients with clinically localized prostate
cancer reveals ERG and TATI exclusivity in tumor cells. Prostate Cancer Prostatic Dis. 2013, 16, 145-150. [CrossRef]


https://doi.org/10.3322/caac.21660
https://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.1016/j.clgc.2015.05.010
https://www.ncbi.nlm.nih.gov/pubmed/26149392
https://doi.org/10.1038/nature10762
https://www.ncbi.nlm.nih.gov/pubmed/22258609
https://doi.org/10.1016/j.cell.2011.02.013
https://www.ncbi.nlm.nih.gov/pubmed/21376230
https://doi.org/10.1002/gcc.20647
https://doi.org/10.1002/ijc.23916
https://doi.org/10.1182/blood.V96.10.3560
https://www.ncbi.nlm.nih.gov/pubmed/11071655
https://doi.org/10.1126/science.1117679
https://doi.org/10.4172/1948-5956.1000119
https://doi.org/10.1111/j.1464-410X.2010.09470.x
https://doi.org/10.1002/ijc.2910300110
https://www.ncbi.nlm.nih.gov/pubmed/6811446
https://doi.org/10.1093/ajcp/93.1.8
https://www.ncbi.nlm.nih.gov/pubmed/2403744
https://doi.org/10.1002/ijc.2910550505
https://www.ncbi.nlm.nih.gov/pubmed/8244568
https://doi.org/10.1158/1541-7786.MCR-08-0567
https://doi.org/10.1021/ja01189a060
https://doi.org/10.1016/j.ccr.2008.04.016
https://www.ncbi.nlm.nih.gov/pubmed/18538735
https://doi.org/10.1002/pros.22707
https://doi.org/10.1038/pcan.2013.7

Medicina 2024, 60, 174 10 of 11

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

Leinonen, K.A.; Saraméki, O.R; Furusato, B.; Kimura, T.; Takahashi, H.; Egawa, S.; Suzuki, H.; Keiger, K.; Hahm, S.H.; Isaacs,
W.B.; et al. Loss of PTEN Is Associated with Aggressive Behavior in ERG-Positive Prostate Cancer. Cancer Epidemiol. Biomark.
Prev. 2013, 22, 2333-2344. [CrossRef]

Flavin, R.; Pettersson, A.; Hendrickson, W.K,; Fiorentino, M.; Finn, S.; Kunz, L.; Judson, G.L.; Lis, R.; Bailey, D.; Fiore, C.; et al.
SPINK1 Protein Expression and Prostate Cancer Progression. Clin. Cancer Res. 2014, 20, 4904-4911. [CrossRef] [PubMed]
Garraway, I.P; Seligson, D.; Said, J.; Horvath, S.; Reiter, R.E. Trefoil factor 3 is overexpressed in human prostate cancer. Prostate
2004, 61, 209-214. [CrossRef] [PubMed]

Faith, D.A.; Isaacs, W.B.; Morgan, ].D.; Fedor, H.L.; Hicks, ].L.; Mangold, L.A.; Walsh, P.C.; Partin, A.W.; Platz, E.A; Luo, ].; et al.
Trefoil factor 3 overexpression in prostatic carcinoma: Prognostic importance using tissue microarrays. Prostate 2004, 61, 215-227.
[CrossRef] [PubMed]

Park, K.; Chiu, Y.L.; Rubin, M.A.; Demichelis, F.; Mosquera, ].M. V-ets erythroblastosis virus E26 oncogene homolog (avian)/Trefoil
factor 3/high-molecular-weight cytokeratin triple immunostain: A novel tissue-based biomarker in prostate cancer with potential
clinical application. Hum. Pathol. 2013, 44, 2282-2292. [CrossRef] [PubMed]

Taupin, D.; Ooi, K.; Yeomans, N.; Giraud, A. Conserved expression of intestinal trefoil factor in the human colonic adenoma-
carcinoma sequence. Lab Investig. 1996, 75, 25-32. [PubMed]

Poulsom, R.; Hanby, A.M.; Lalani, E.-N.; Hauser, F.; Hoffmann, W.; Stamp, G.W.H. Intestinal trefoil factor (TFF 3) and pS2 (TFF
1), but not spasmolytic polypeptide (TFF 2) mRNAs are co-expressed in normal, hyperplastic, and neoplastic human breast
epithelium. J. Pathol. 1997, 183, 30-38. [CrossRef]

Yang, Y,; Lin, Z.; Lin, Q.; Bei, W.; Guo, ]. Pathological and therapeutic roles of bioactive peptide trefoil factor 3 in diverse diseases:
Recent progress and perspective. Cell Death Dis. 2022, 13, 62. [CrossRef]

Rickman, D.S.; Chen, Y.B; Banerjee, S.; Pan, Y.; Yu, J.; Vuong, T.; Perner, S.; Lafargue, C.J.; Mertz, K.D,; Setlur, S.R.; et al. ERG
Cooperates with Androgen Receptor in Regulating Trefoil Factor 3 in Prostate Cancer Disease Progression. Neoplasia 2010, 12,
1031-1040, IN18-IN22. [CrossRef]

Tomlins, S.A.; Laxman, B.; Varambally, S.; Cao, X.; Yu, J.; Helgeson, B.E.; Cao, Q.; Prensner, ].R.; Rubin, M.A.; Shah, R.B.; et al.
Role of the TMPRSS2-ERG Gene Fusion in Prostate Cancer. Neoplasia 2008, 10, 177-188. [CrossRef]

Epstein, ].I.; Allsbrook, W.C.; Amin, M.B.; Egevad, L.L. The 2005 International Society of Urological Pathology (ISUP) Consensus
Conference on Gleason Grading of Prostatic Carcinoma. Am. J. Surg. Pathol. 2005, 29, 1228-1242. [CrossRef]

Epstein, J.I; Egevad, L.; Amin, M.B.; Delahunt, B.; Srigley, ].R.; Humphrey, P.A. The 2014 International Society of Urological
Pathology (ISUP) Consensus Conference on Gleason Grading of Prostatic Carcinoma. Am. J. Surg. Pathol. 2016, 40, 244-252.
[CrossRef]

Cookson, M.S.; Aus, G.; Burnett, A.L.; Canby-Hagino, E.D.; D’Amico, A.V.; Dmochowski, R.R.; Eton, D.T.; Forman, J.D;
Goldenberg, S.L.; Hernandez, J.; et al. Variation in the Definition of Biochemical Recurrence in Patients Treated for Localized
Prostate Cancer: The American Urological Association Prostate Guidelines for Localized Prostate Cancer Update Panel Report
and Recommendations for a Standard in the Reporting of Surgical Outcomes. J. Urol. 2007, 177, 540-545.

Jemal, A.; Center, M.M.; DeSantis, C.; Ward, E.M. Global Patterns of Cancer Incidence and Mortality Rates and Trends. Cancer
Epidemiol. Biomark. Prev. 2010, 19, 1893-1907. [CrossRef]

Mattiuzzi, C.; Lippi, G. Current Cancer Epidemiology. J. Epidemiol. Glob. Health 2019, 9, 217-222. [CrossRef] [PubMed]

Torre, L.A.; Bray, F; Siegel, R.L.; Ferlay, J.; Lortet-Tieulent, J.; Jemal, A. Global cancer statistics, 2012. CA Cancer J. Clin. 2015, 65,
87-108. [CrossRef]

Testa, U.; Castelli, G.; Pelosi, E. Cellular and Molecular Mechanisms Underlying Prostate Cancer Development: Therapeutic
Implications. Medicines 2019, 6, 82. [CrossRef] [PubMed]

Grossman, D.C.; Curry, S.J.; Owens, D.K.; Bibbins-Domingo, K.; Caughey, A.B.; Davidson, K.W.; Doubeni, C.A.; Ebell, M.; Epling,
J.W.; Kemper, A.R; et al. Screening for Prostate Cancer. JAMA 2018, 319, 1901-1913. [PubMed]

Ferraldeschi, R.; Nava Rodrigues, D.; Riisnaes, R.; Miranda, S.; Figueiredo, I.; Rescigno, P.; Ravi, P.; Pezaro, C.; Omlin, A.; Lorente,
D.; et al. PTEN Protein Loss and Clinical Outcome from Castration-resistant Prostate Cancer Treated with Abiraterone Acetate.
Eur. Urol. 2015, 67, 795-802. [CrossRef]

Yoshimoto, M.; Cunha, ILW.; Coudry, R.A.; Fonseca, EP.; Torres, C.H.; Soares, F.A.; Squire, J.A. FISH analysis of 107 prostate
cancers shows that PTEN genomic deletion is associated with poor clinical outcome. Br. J. Cancer 2007, 97, 678-685. [CrossRef]
Watanabe, M.; Shiraishi, T.; Yatani, R.; Nomura, A.M.Y.; Stemmermann, G.N. International comparison on ras gene mutations in
latent prostate carcinoma. Int. J. Cancer 1994, 58, 174-178. [CrossRef]

Ren, G.; Liu, X.; Mao, X.; Zhang, Y.; Stankiewicz, E.; Hylands, L.; Song, R.; Berney, D.M.; Clark, J.; Cooper, C.; et al. Identification
of frequent BRAF copy number gain and alterations of RAF genes in Chinese prostate cancer. Genes Chromosomes Cancer 2012, 51,
1014-1023. [CrossRef]

Tomlins, S.A.; Bjartell, A.; Chinnaiyan, A.M.; Jenster, G.; Nam, R.K.; Rubin, M. A.; Schalken, ]J.A. ETS Gene Fusions in Prostate
Cancer: From Discovery to Daily Clinical Practice. Eur. Urol. 2009, 56, 275-286. [CrossRef] [PubMed]

Aldaoud, N.; Abdo, N.; Al Bashir, S.; Alqudah, M.; Marji, N.; Alzou’bi, H.; Alazab, R.; Trpkov, K. Prostate cancer in Jordanian-Arab
population: ERG status and relationship with clinicopathologic characteristics. Virchows Arch. 2017, 471, 753-759. [CrossRef]
[PubMed]


https://doi.org/10.1158/1055-9965.EPI-13-0333-T
https://doi.org/10.1158/1078-0432.CCR-13-1341
https://www.ncbi.nlm.nih.gov/pubmed/24687926
https://doi.org/10.1002/pros.20096
https://www.ncbi.nlm.nih.gov/pubmed/15368472
https://doi.org/10.1002/pros.20095
https://www.ncbi.nlm.nih.gov/pubmed/15368473
https://doi.org/10.1016/j.humpath.2013.05.010
https://www.ncbi.nlm.nih.gov/pubmed/23856515
https://www.ncbi.nlm.nih.gov/pubmed/8683937
https://doi.org/10.1002/(SICI)1096-9896(199709)183:1%3C30::AID-PATH1085%3E3.0.CO;2-K
https://doi.org/10.1038/s41419-022-04504-6
https://doi.org/10.1593/neo.10866
https://doi.org/10.1593/neo.07822
https://doi.org/10.1097/01.pas.0000173646.99337.b1
https://doi.org/10.1097/PAS.0000000000000530
https://doi.org/10.1158/1055-9965.EPI-10-0437
https://doi.org/10.2991/jegh.k.191008.001
https://www.ncbi.nlm.nih.gov/pubmed/31854162
https://doi.org/10.3322/caac.21262
https://doi.org/10.3390/medicines6030082
https://www.ncbi.nlm.nih.gov/pubmed/31366128
https://www.ncbi.nlm.nih.gov/pubmed/29801017
https://doi.org/10.1016/j.eururo.2014.10.027
https://doi.org/10.1038/sj.bjc.6603924
https://doi.org/10.1002/ijc.2910580205
https://doi.org/10.1002/gcc.21984
https://doi.org/10.1016/j.eururo.2009.04.036
https://www.ncbi.nlm.nih.gov/pubmed/19409690
https://doi.org/10.1007/s00428-017-2160-9
https://www.ncbi.nlm.nih.gov/pubmed/28550496

Medicina 2024, 60, 174 11 of 11

43. Bismar, T.A; Yoshimoto, M.; Duan, Q.; Liu, S.; Sircar, K.; Squire, J.A. Interactions and relationships of PTEN, ERG, SPINK1 and
AR in castration-resistant prostate cancer. Histopathology 2012, 60, 645-652. [CrossRef]

44. Terry, S.; Nicolaiew, N.; Basset, V.; Semprez, E; Soyeux, P.; Maillé, P.; Vacherot, E; Ploussard, G.; Londofio-Vallejo, A.; de la Taille,
A.; et al. Clinical value of ERG, TFF3, and SPINK1 for molecular subtyping of prostate cancer. Cancer 2015, 121, 1422-1430.
[CrossRef]

45.  Zhang, X;; Yin, X,; Shen, P; Sun, G.; Yang, Y; Liu, J.; Chen, N.; Zeng, H. The association between SPINK1 and clinical outcomes in
patients with prostate cancer: A systematic review and meta-analysis. OncoTargets Ther. 2017, 10, 3123-3130. [CrossRef]

46. Rasanen, K.; Itkonen, O.; Koistinen, H.; Stenman, U.H. Emerging Roles of SPINK1 in Cancer. Clin. Chem. 2016, 62, 449-457.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1111/j.1365-2559.2011.04116.x
https://doi.org/10.1002/cncr.29233
https://doi.org/10.2147/OTT.S127317
https://doi.org/10.1373/clinchem.2015.241513
https://www.ncbi.nlm.nih.gov/pubmed/26656134

	Introduction 
	Material and Methods 
	Specimen Collection 
	Immunohistochemistry (IHC) Evaluation 

	Results 
	Discussion 
	Conclusions 
	References

