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Abstract

Objective: To study the association between insulin receptors (isoforms a and ),
insulin growth factor-1 (IGF1) and serine/arginine splicing factor 1 (SRSF-1) in pa-
tients with prostate cancer (PC) and diabetes.

Materials and Methods: We retrospectively analyzed data from 368 patients who
underwent surgery for PC or benign prostatic hyperplasia (BPH) between 2010 and
2020 at the Department of Urology, University of Catania. Tissue microarray slides
were constructed and they were stained for androgen receptor (AR), insulin
receptor-a and -B, IGF1 (IGF1-R), Ki-67, and prostate specific membrane antigen
(PSMA) expression using validated score.

Results: The final cohort was represented by 100 patients with BPH and 268 with
PC, with a median age of 68 years. We found that SRSF-1 expression was associated
with AR (odds ratio [OR]: 1.66), PSMA (OR: 2.13), Ki-67 (OR: 5.99), insulin receptor
(IR)-o (OR: 2.38), IR-B (OR: 3.48), IGF1-R (OR: 1.53), and microvascular density
(MVD) was associated with PSMA (OR: 3.44), Ki-67 (OR: 2.23), IR-a (OR: 2.91), IR-
(OR: 3.02), IGF1-R (OR: 2.95), and SRSF-1 (OR: 2.21). In the sub cohort of PC
patients, we found that SRSF-1 expression was associated with AR (OR: 2.34), Ki-67
(OR: 6.77), IR-a. (OR: 2.7), and MVD (OR: 1.98). At the Kaplan-Meier analysis, SRSF-
1* patients had worse 5- and 9-year biochemical recurrence (36% and 6%) respect
to SRSF-1" (67% and 7%; p < .01) and similarly MVD™ patients (44% and 7%) respect
to MVD™ (64% and 8%; p < .01). Restricting the analysis only in patients with PC and
diabetes, we found that SRSF-1" was associated with Ki-67" (OR: 8.75; p <.05) and
MVD™ (OR: 7.5; p < .05).

Conclusions: PC exhibits widespread heterogeneity in protein expression. In par-
ticular, the expressions of the SRSF-1 protein and of the MVD are associated with a
worse prognosis and in particular with a greater cell proliferation. These results,

although preliminary, may offer new future scientific insights with the aim of
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1 | INTRODUCTION

Prostate cancer (PC) still represents the first cancer diagnosed in the
male population in 2020." Many risk factors have been identified
over the years including hypertension, metabolic syndrome, obesity,
but diabetes mellitus is certainly considered that risk factor capable
of determining consistent structural changes in tumor cells.” For
example, previous authors have showed that insulin growth factor-1
(IGF-1) may promote cancer aggressiveness in diabetic patients® and
two different mechanisms have been identified including the upre-
gulation of the androgen receptor, presumably via alteration in the
insulin/IGF-1 signaling cascade and the disinhibition of androgen
signaling due to decreased levels of protective estrogen receptor
ligands.” Other identified pathways that have associated diabetes to
PC are represented by the alteration of insulin and insulin-like
growth factor-I (IGF-1),> the modifications of sex steroid pathways,
such as increased serum 17B-estradiol levels, sex hormone-binding
globulin concentration and decreased free testosterone level.®”

In recent years, a particular interest has emerged in alternative
splicing of vascular endothelial growth factor -alpha (VEGFA), which
encodes vascular endothelial growth factor (VEGF). The alternative
junction of exons 5-7 of the VEGFA transcript may determine its
different activity and bioavailability.

The VEGFA transcript consists of eight exons and the alternative
junction of exons 5-7 results in the expression of junction isoforms with
different activities and bioavailability. Serine/arginine splicing factor 1
(SRSF1) (Ser/Arg (SR)-rich splicing factor) was the first splice factor to be
described as a proto-oncogene®’ and its activity is modified by splice
factor kinases such as SRPK1 which exhibits oncogenic properties.

Interestingly Malakar et al.'® found that insulin signaling,
through activation of the Ras-MAPK pathway, upregulates the spli-
cing factor SRSF1 and induces inclusion of insulin receptor (IR) exon
11 to generate elevated levels of the IR-f isoform in pancreatic cells.

However, the relationship between IR isoforms and SFRS1 in PC
has been not well studied.

Based on all these premises, current research aims to study the
association between insulin receptors (isoforms o and g), IGF1, and
SRSF1 in patients with PC and diabetes.

2 | MATERIALS AND METHODS

We retrospectively analyzed data from 368 patients who underwent
surgery for PC or benign prostatic hyperplasia (BPH) between 2010
and 2020 at the Department of Urology, University of Catania.
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highlighting possible genetic alterations linked to a greater expression of SRSF-1

and associated with a worse prognosis.

androgen receptor, diabetes, hormonal therapy, proliferation, risk factors, srsfl

Patients who were diagnosed with PC underwent radical prosta-
tectomy and patients with BPH underwent transurethral resection of
the prostate. The presence of diabetes was evaluated from hospital
records or fasting serum blood glucose.

This study was conducted in accordance with the Declaration of
Helsinki and the protocol was approved by the Ethics Committee of
the Policlinic Hospital of Catania (#131/2015).

2.1 | Tissue microarray construction

All specimens were stained by hematoxylin and eosin to find the
representative cores for the tissue microarray construction. For the
tissue micro array (TMA) construction the Galileo TMA CK3500
(Integrated System Engineering, Milan, Italy) was used. It is a semi-
automatic and computer-assisted tissue microarrayer with a dedi-
cated software that assists the user throughout the operating phases
from tissue microarray design to final reporting. This instrument is
associated with an X-Y-Z automated stage that allows one to directly
place selected tissue cores in the recipient TMA block containing
premade holes, ensuring not only a significant reduction in the array

construction time but also an extreme alignment accuracy.'*

2.2 | Immunohistochemistry (IHC)

Immunohistochemical slides were evaluated by three pathologists (G.B.,
E.P. and R.C.) with no information on patient clinical data. The presence
of brown chromogen within the cell nuclei was interpreted as positive
SRSF1 staining as previously described.'? Intensity of staining (IS) was
graded on a 0-3 scale (0 = absent staining, 1 = weak staining, 2 = mod-
erate staining, 3 = strong staining). Five categories (0-4) of percentage
of SRSF1 immunopositive cells (Extent Score [ES]) were identified: <5%;
5-30%; 31-50%; 51-75%; >75%. IS was multiplied by ES to obtain the
immunoreactivity score (IRS); low (L-IRS) and high (H-IRS) expression of
SRSF1 were defined as IRS <6 and IRS 26, respectively.’®> > Assess-
ment of Blood Vascular (microvascular density [MVD]) was evaluated
as previously described.’®'” Briefly, vascular hotspots were identified
on tissue sections stained with anti-CD31 immunohistochemical anti-
body (JC70A; working dilution 1:40; DAKO) by a light microscope at x4
and x10 magnifications. MVD represented the total amount of vessels
per mm? (conversion factor: 1 mm? =4 high power fields- HPFs-). Areas
with =50 of viable tumor tissue were counted; extensive necrosis, he-
morrhage and desmoplasia were considered as exclusion factors. Each
single stained endothelial cell and every lumen for long branched
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vessels and glomeruloid tufts were counted. Finally, small clusters of 22
staining endothelial cells within the same vascular structure were
counted as a single vessel.

For the Ki-67 nuclear positivity the total number of Ki-67 po-
sitive tumor nuclei were counted in malignant cells on each in-
dividual TMA spot, regardless of the intensity of immunostaining or
the Gleason score. This count was reported on the total number of
malignant cells, calculated by using a 100-cell template moved over
the whole tissue core. A TMA spot was rejected when neoplastic
glands covered less than 30% of the tissue. Moreover, a minimum
number of 500 tumor cells per patient was require keeping the
sample for analysis. The mean percentage of Ki-67 positive cells for
each patient was calculated and used in further analysis as the Ki-67
labeling index.*®

For the AR, IR-a, IR-f, IGF1-R, and prostate specific membrane
antigen (PSMA) expression, the scoring system included an analysis
of IS as previously described.****

Sections of unaffected gallbladder mucosa were used as positive
control for SRSF1, while negative control slides were obtained by
incubating them with phosphate-buffered saline instead of the pri-

mary antibody.

2.3 | Statistical analysis
Continuous variables are presented as median and interquartile
range (IQR) and were compared by the Student independent t test or
the Mann-Whitney U test based on their normal or not-normal
distribution, respectively (normality of variables' distribution was
tested by the Kolmogorov-Smirnov test). Categorical variables were
tested with the ¥ test. Univariate and multivariate logistic regres-
sion has been used to test independent variables associated with IHC
scores. PC was classified into low, intermediate and high according to
EAU guidelines.’

Kaplan-Meier curve were used to verify biochemical recurrence.
For all statistical comparisons, a significance level of p<.05 was
considered to show differences between the groups. Data analysis
was performed under the guidance of our statistics expert, using
SPSS version 17 (Statistical Package for Social Science. SPSS Inc.
Released 2008. SPSS Statistics for Windows, Version 17.0.)
(SPSS Inc.).

3 | RESULTS

The final cohort was represented by 100 patients with BPH and 268
with PC, with a median age of 68 years (IQR: 63.0-75.0), median
fasting blood glucose of 97.0 (IQR: 87.0-109.0), median total cho-
lesterol of 188.0 (IQR: 161.0-216.0) and median triglycerides was
100.0 (IQR: 69.0-137.0) (Table 1).

Figure 1 shows SRSF-1 and MVD expression in PC patients. We
found that rate of SRSF-1 positive expression was greater in patients
with PC respect to BPH (81.38% vs. 64.44%; p <.01). Furthermore,

TABLE 1 Characteristics of the population (N = 368)

Variables

Age (years) median (IQR) 68.0 (63.0-73.0)

BPH, n (%) 99 (27.17)

Prostate cancer, n (%) 268 (73.83)

Diabetes, n (%) 65 (17.66%)

Fasting blood glucose (mg/dl), median (IQR) 97.0 (87.0-109.0)

Total cholesterol (mg/dl), median (IQR) 188.0 (161.0-216.0)

Triglycerides (mg/dl), median (IQR) 100.0 (69.0-137.0)

PSA (ng/ml), median (IQR) 7.0 (4.85-10.63)

BCR, n (%) 42 (16.28)

Abbreviations: BCR, biochemical recurrence; BPH, benign prostatic
hyperplasia; IQR, interquartile range.

high-risk PC had slightly higher rate of positive SRSF-1 (24.34 vs.
16.38%; p =.054) and it was significantly associated with higher ex-
pression of Ki-67 positive score (21.61% vs. 4.44%; p < .01), AR po-
sitive score (52.66% vs. 40.0; p <.05); PSMA positive score (48.40%
vs. 30.56; p <.01), IR-a positive score (76.06% vs. 57.22%; p <.01)
and IR-B positive score (9.04% vs. 2.78%; p < .05) (Table 2).

When assessing MVD positive expression at IHC, we found that
PC patients had greater positivity respect to BPH (97.75% vs.
49.47%; p <.01) and that it was significantly associated with Ki-67
positive score (92.7% vs. 80.53%; p <.01), PSMA positive score
(54.49% vs. 49.47%; p<.01), IR-a positive score (76.85% vs.
55.79%; p<.01), IR-B positive score (8.99% vs. 3.16%; p<.05),
IGF-1R (23.6% vs. 9.47%; p<.01) and SRSF-1 (61.24% vs. 9.47%;
p <.01) (Table 3).

We performed the univariate logistic regression between IHC
and clinical and pathological variables in our patients and we found
that SRSF-1 expression was associated with AR (odds ratio [OR]:
1.66), PSMA (OR: 2.13), Ki-67 (OR: 5.99), IR-a (OR: 2.38), IR-8
(OR: 3.48), IGF1-R (OR: 1.53), and MVD was associated with PSMA
(OR: 3.44), Ki-67 (OR: 2.23), IR-a (OR: 2.91), IR-g (OR: 3.02),
IGF1-R (OR: 2.95), and SRSF-1 (OR: 2.21) (Table 4).

We performed the univariate logistic regression in the sub co-
hort of PC patients and we found that SRSF-1 expression was as-
sociated with AR (OR: 2.34), Ki-67 (OR: 6.77), IR-a (OR: 2.7), and
MVD (OR: 1.98) (Table 5).

At the Kaplan-Meier analysis, SRSF-1* patients had worse 5-
and 9-year biochemical recurrence (36% and 6%) respect to SRSF-1"
(67% and 7%; p <.01) and similarly MVD" patients (44% and 7%)
respect to MVD™ (64% and 8%) (p <.01) (Figure 2).

Restricting the analysis only in patients with PC and diabetes, we
found that SRSF-1* was associated with Ki-67" (OR: 8.75; p <.05)
and MVD" (OR: 7.5; p < .05).

When analyzing data of patients with PC and without diabetes,
SRSF-1* was associated with IR-a (OR: 2.61; p<.01), AR (OR: 2.43;
p <.01), and Ki-67 (OR: 6.5; p <.01).
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FIGURE 1 High (A and B) and Low (C and D) expression of SRSF1 and MVD. MVD, microvascular density [Color figure can be viewed at

wileyonlinelibrary.com]

3.1 | Insilico analysis of SFRS-1 expression
from TCGA

Using linear regression analysis, messenger RNA (mRNA) expres-
sions of SFRS-1 was not associated with AR (p =.26), Ki-67 (p =.32),
IR (p=.51), and IGF-1R (p =.15) but it was negatively associated with
PSMA (p =.03) (Figure 3).%°

4 | DISCUSSION

In the present work we demonstrated how the expression of the
SRSF-1 protein is associated with a greater expression of the andro-
gen receptor, PSMA, both isoforms of the insulin receptor as well as
with greater cellular (Ki-67) and vascular (MVD) proliferation in PC
patients. Furthermore, even in patients with PC, this expression was
more associated with the androgen receptor, the insulin receptor al-
pha, and vascular proliferation. When depicting differences on the
basis of diabetes, SRSF-1 positivity was greater related to proliferation
(Ki-67 and CD-31%) in diabetic patients but with IR-a and AR in those
without diabetes. Finally, SRSF-1 and CD-31 positive patients have a
greater risk of developing biochemical recurrence (Figure 2).

The mechanisms underlying the development and progression of
PC in the general population are not yet fully known and certainly
are decidedly complex when we must also take into consideration
the role of the patient's clinic from a metabolic point of view. Pre-
vious evidences gave partly focused on the role of the metabolic
syndrome of diabetes and the greater aggressiveness of PC. How-
ever, there are conflicting findings about the influence of serum le-
vels for example of IGF-1 and it is the risk of developing PC, precisely
because some studies have shown an increased risk while others

have shown no correlation.”* Pandini and colleagues in 2005, how-
ever, highlighted how androgens in PC cells are able to over-regulate
the expression of the IGF-1 receptor and as a consequence in de-
termining an increase in the same proliferation and invasion when
stimulated with IGF-1.?? These results in fact show how there is a
synergy of functionality between the androgen receptor and IGF-1.%*

In PC cell lines, insulin and IGF-1 increase cell proliferation and
glucose uptake while IR-f is not associated with cancer cell pro-
liferation but it induces differentiation in noncancerous prostate
cells. However, IGF-1R and IR-a overexpression enhances angio-
genesis and proliferation.?

Furthermore, one of the most crucial connection between diabetes
and PC is secondary to the connection among AR and glucose due the
downregulation of AR mRNA by the activation of nuclear factor kappa B.
To this regard, an altered composition of insulin receptor isoforms has

been found in many cancers but also in PC>?°

and, in particular, IR
isoform A is higher expressed compared to isoform B. Heni et al. found
reduced levels of the cell cycle inhibitor p27Kip1 in samples with higher
IR isoform A and interestingly, both insulin and IGF-1l can activate this
isoform?®” with consequent effect on proliferation.’

Lutz et al.?® showed that at least two distinct mechanisms may
contribute to the poor prognosis of PCa in patients with diabetes: (i)
upregulation of the AR, presumably via alteration in the insulin/IGF-1
signaling cascade; and (ii) disinhibition of androgen signaling due to
decreased levels of protective estrogen receptor ligands.

In this context, the docking proteins downstream of IR and other
receptor tyrosine kinases (e.g., IGF-1 receptor), insulin receptor « and
B are crucial to further communicate signals from these receptors.?”

However, there are no confirmed and corroborated clinical data
on the role of SRSF-1 in PC and how this can be affected by the
insulin receptor downstream. What we know today is that SRSF1 in
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TABLE 2 SRSF-1 expression according to IHC score
SRSF-1
Negative (n = 180) Positive (n = 188) p Value

Age (years), median (IQR) 76.0 (70.0-79.0) 67.0 (63.0-72.0) .82
PSA (ng/ml), median IQR) 2.05 (0.9-4.27) 7.8 (5.7-11.6) <01
Fasting glucose (mg/dl), median (IQR) 95.0 (84.0-116.0) 97.0 (88.0-107.5) 51
Total cholesterol (mg/dl), median (IQR) 172.0 (150.0-194.0) 191.5 (168.0-224.0) .60
Triglycerides (mg/dl), median (IQR) 110.0 (69.0-164.0) 97.0 (66.0-130.0) .85
Diabetes, n (%) 38 (21.1) 27 (14.36) .09
Group, n (%) <.01

BPH 64 (35.56) 35 (18.62)

PC 116 (64.44) 153 (81.38)
ISUP Gleason score, n (%) .04

1 42 (36.21) 34 (22.37)

2 44 (37.93) 58 (38.16)

8 21 (18.10) 44 (28.95)

4 3(2.59) 10 (6.58)

5 6 (5.17) 6 (3.95)
Pathological stage, n (%) 46

T2 64 (72.41) 99 (65.79)

T3 18 (15.52) 32 (21.05)

T4 14 (12.07) 20 (13.16)
Classification risk of PC, n (%) .054

Low risk 50 (43.10) 45 (29.61)

Intermediate risk 47 (40.52) 70 (46.05)

High risk 19 (16.38) 27 (24.34)
Ki-67 positive score, n (%) 8 (4.44) 41 (21.81) <.01
AR positive score, n (%) 72 (40.0) 99 (52.66) <.05
PSMA positive score, n (%) 55 (30.56) 91 (48.40) <.01
PSA positive score, n (%) 17 (34.0) 154 (48.43) .057
IR-a positive score, n (%) 103 (57.22) 143 (76.06) <.01
IR-B positive score, n (%) 5(2.78) 17 (9.04) <.05
IGF-1R positive score, n (%) 24 (13.33) 36 (19.15) 0.13

MVD, median (IQR)

32.0 (27.0-38.0)

88.0 (44.0-111.0)

Abbreviations: AR, androgenic receptor; BPH, benign prostatic hyperplasia; IGF-1R, insulin-like growth factor-1 receptor; IQR, interquartile range; IR,

insulin receptor; PCa, prostate cancer; PSA, prostate-specific antigen; PSMA, prostate specific membrane antigen.

turn promotes the expression of splice isoforms that favors tumor
growth, including proangiogenic VEGF promoting.

Previous data have demonstrated that that VEGFA pre-mRNA
can be alternatively spliced generating both proangiogenic isoforms
(VEGF-A,a) and antiangiogenic isoforms (VEGF-A,,.b), depending on
the recognition of a proximal splicing site (PSS) within the eighth exon
of VEGFA pre-mRNA by SRSF1: specifically, the higher the amount of

SRSF1 binding this PSS, the higher the retention of full-length eighth
exon is, improving the synthesis of VEGF-Aya isoforms.'>?8

In particular, Belali et al showed that in PC3 cells, WT1 tran-
scription factor is able to activate SRPK1 transcription and con-
tributing to oncogenic processes through the activity of oncogenic
splice factors such as SRSF1, and consequently by the expression of

proangiogenic VEGF.?’
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TABLE 3 MVD expression according to IHC score

MVD
Negative (n = 190) Positive (n=178) p Value

Age (years), median (IQR) 71.0 (64.0-76.0) 68.0 (63.0-72.0) <.01
PSA (ng/ml), median IQR) 5.25 (2.08-8.625) 7.85 (5.7-11.4) <.01
Fasting glucose (mg/dl), median (IQR) 96.0 (87.0-115.0) 96.0 (87.5-106.0) .33
Total cholesterol (mg/dl), median (IQR) 176.0 (151.0-200.0) 198.0 (168.0-225.0) <.01
Triglycerides (mg/dl), median (IQR) 103.0 (65.0-150.0) 97.0 (73.0-133.0) 72
Diabetes, n (%) 39 (20.53) 26 (14.61) 14
Group, n (%) <.01

BPH 96 (50.53) 4 (2.25)

PC 94 (49.47) 174 (97.75)
ISUP Gleason score, n (%) .30

1 31 (32.98) 45 (25.86)

2 29 (30.85) 73 (41.95)

3 27 (28.72) 38 (21.84)

4 3(3.19) 10 (5.75)

5 4 (4.26) 8 (4.6)
Pathological stage, n (%) <.01

T2 60 (63.83) 124 (71.26)

T3 27 (28.72) 23 (13.22)

T4 7 (7.45) 27 (15.52)
Classification risk of PC, n (%) .29

Low risk 39 (41.49) 56 (32.18)

Intermediate risk 36 (38.30) 81 (46.55)

High risk 19 (20.21) 37 (21.26)
Ki-67 positive score, n (%) 153 (80.53) 165 (92.70) <01
AR positive score, n (%) 94 (49.47) 77 (43.26) 23
PSMA positive score, n (%) 49 (25.79) 97 (54.49) <.01
PSA positive score, n (%) 153 (80.53) 165 (92.70) <.01
IR-a positive score, n (%) 106 (55.79) 140 (78.65) <.01
IR-B positive score, n (%) 6 (3.16) 16 (8.99) <.05
IGF-1R positive score, n (%) 18 (9.47) 42 (23.60) <.01
SRSF-1 positive score, n (%) 79 (41.58) 109 (61.24) <01

Abbreviations: AR, androgenic receptor; BPH, benign prostatic hyperplasia; IGF-1R, insulin-like growth factor-1 receptor; IHC, immunohistochemistry;
IQR, interquartile range; IR, insulin receptor; MVD, microvascular density; PCa, prostate cancer; PSA, prostate-specific antigen; PSMA, prostate specific
membrane antigen; SRSF1, serine/arginine splicing factor 1.

Interestingly, an interplay between SRSF-1 and insulin receptor How this mechanism can be present in PC cells is not well

in pancreatic cells have been demonstrated. Malakar et al.*° found known but what we determined is that SRSF1 expression is as-
that that insulin signaling, through activation of the Ras-MAPK sociated with worse prognosis and higher proliferation, as de-
pathway, upregulates the splicing factor SRSF1 and induces inclusion termined by the increase expression of AR, Kl-67 and

of IR exon 11 to generate elevated levels of the IR-8 isoform.*° vascularization (MVD").
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FIGURE 2 Kaplan-Meier survival in according to SRSF-1 (A) and MVD (B) expression. MVD, microvascular density; SRSF1, serine/arginine
splicing factor 1 [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 3 Regression analysis between RNA expression of SFRS-1 and androgen receptor (A), Ki-67 (B), insulin receptor (C), insulin growth factor 1
(D) and PSMA (E). PSMA, prostate specific membrane antigen; SRSF1, serine/arginine splicing factor 1 [Color figure can be viewed at

wileyonlinelibrary.com]

This latter IHC finding is a is a quantitative measurement of angio-
genesis. Although previous studies reported conflicting results as pre-
dictive value in PC03! recently Yuri et al.>? demonstrated that MVD
number significantly influence response to systemic therapy in meta-
static PC.

Despite we could not speculate a potential a downstream
role of SRSF-1 and PC aggressiveness in diabetic patients, we
demonstrated that SRSF-1
positivity was related to greater cell (Ki-67*) and vascular
(MVD*) proliferation while in nondiabetic patients SRSF-1
positivity is associated with IR-a. Although we are not able to
verify if this latter finding may be related to a condition of
prediabetes.

in this sub-cohort of patients,

Before concluding we wish to underline some limitations, in-
cluding the low number of patients that was able to complete sur-
vival including patients with/without diabetes and positivity at SFRS-
1 and MVD; the lack of information about drugs used for diabetes.
Finally, we did not assess mMRNA expression to better understand
signaling of SRSF-1 and PC related proteins.

5 | CONCLUSION

PC exhibits widespread heterogeneity in protein expression. In
particular, the expression of the SRSF-1 protein and of the MVD are
associated with a worse prognosis and in particular with a greater


http://wileyonlinelibrary.com
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cell proliferation. These results, although preliminary, may offer new

future scientific insights with the aim of highlighting possible genetic

alterations linked to a greater expression of SRSF-1 and associated

with a worse prognosis.
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