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Summary
Purpose: To examine the involvement of specific compo- be downregulated in bladder cancer tissues compared to nornents of the PI3K/AKT pathway in urinary bladder cancer mal bladder urothelium. Upregulation of cytoplasmic and
nuclear p-AKT expression was detected in low grade tumors,
development.
whereas in infiltrating carcinomas p-AKT was shown to be
Methods: Samples from 65 tumors and 13 normal bladder
downregulated and confined to the cytoplasm. PTEN exprestissues were collected. Genomic DNA isolation from snapsion was weak and mainly cytoplasmic in superficial tumors,
frozen and paraffin-embedded laser-microdissected tissues
but stronger and nuclear in the infiltrating tumors.
was followed by Sanger sequencing, whereas total RNA was
purified for use in RT-PCR analyses. Immunohistochemis- Conclusions: PI3K/AKT pathway activation is crucial for
try was carried out on sections of paraffin-embedded biopsy bladder cancer initiation and progression. In this context,
PIK3CA, p-AKT and nuclear PTEN could be used along with
material.
other biomarkers for prognosis and selection of appropriate
Results: Three pathogenic mutations (two missense and one
therapy in the clinical management of bladder cancer.
frameshift) were identified in exon 20 of PIK3CA {c.3140A>G
(p.His1047Arg), c.[3172A>T(;)3174C>T] (p.lle1058Phe),
c.3203dupA (p.Asn1068Lysfs*5)} after laser capture micro- Key words: bladder cancer, PI3K/AKT pathway, PIK3CA
dissection, whereas PTEN mRNA expression was found to mutation, nuclear PTEN, p-AKT expression

Introduction
Bladder cancer (BC) is a major cause of morbidity and mortality with about 380,000 new cases
arising and 150,000 deaths reported per year, ranking 7th among all types of cancer in men, while

being less common in women [1,2]. Approximately
75% of patients present with non- muscle-invasive
bladder cancer (NMIBC), a disease confined to the
mucosa (stage Ta, carcinoma in situ; CIS) or sub-
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epithelial connective tissue (stage T1), with the
rest suffering from muscle-invasive bladder cancer
(MIBC) [3]. However, about 30% of patients initially
diagnosed with superficial disease are estimated
to recur to MIBC within two years, whereas radical cystectomy (RC) and pelvic lymphadenectomy
(PLND) which is considered as the standard of care
for clinically localized MIBC and high-grade recurrent NMIBC still has a 50% 2-year risk of distant
metastasis and 60% 5-year risk of death in the setting of muscle-invasive disease [4,5].
Generation and evolution of human urinary
bladder cancer has been associated with upregulation of a number of independent or cross-talking
growth factor receptor-initiated molecular pathways, such as FGFR3, PDGFR, EGFR, PI3K/AKT,
VEGFR, etc., which are known to play a crucial role
in cell growth, proliferation and survival [1,6-8].
Because identification of activation of one or more
of the above pathways is considered nowadays of
significant importance for prognosis and selection
of appropriate adjuvant chemotherapy, molecular
classification of tumors into specific bladder cancer
subtypes is under intense investigation [9-13].
The PI3K/AKT pathway has been the focus of
a number of recent studies [14-18]. Genomic alterations have been detected in several genes of
this pathway, including the tumor suppressor gene
PTEN, which was found to be inactivated by mutation and/or deletion in several types of sporadic
cancers [19], and the proto-oncogenes PI3KCA,
PIK3R1 and AKT, which were demonstrated to
be activated by mutation or amplification [20,21].
Furthermore, oncogenic activation of RAS genes
by point mutation was found to upregulate this
pathway through interaction of RAS with p110
(PIK3CA) [22]. Moreover, increased expression of
genes associated with this pathway was also shown
to be involved in the onset and progression of bladder carcinogenesis [1,23,24].
In this work, to further investigate the involvement and role of the PI3K/AKT pathway in bladder
carcinogenesis, we analyzed PI3KCA for possible
existence of mutations, we assessed the expression
patterns of PIK3CA (p110), PIK3R1 (p85), and PTEN
at the mRNA level in tumor versus normal bladder
samples, and we studied the levels of expression
and cellular localization of p-AKT and PTEN in urinary bladder tumors.

Methods
Patients and sample collection

pital for diagnosis and therapy. Before having access to
tumor material from transurethral resection or surgery,
written informed consent forms were signed by all patients, while the study was in agreement with the 2000
revision of Helsinki Declaration. From the above 65 patients, genomic DNA and total RNA were extracted from
snap-frozen tissue samples, whereas slices of paraffinembedded tissue for laser capture microdissection and
immunohistochemistry were obtained.
Genomic DNA isolation
After transurethral resection or surgery, snap-frozen
bladder cancer tissues from 65 patients that had not received chemotherapy, and slices from 25 paraffin-embedded tumor samples from the same group of patients,
followed by laser capture microdissection, were used
for extraction of genomic DNA. Additionally, 13 normal bladder samples have been obtained from patients
undergoing other type of bladder surgery. In the case
of tumor or normal snap-frozen tissue samples, DNA
isolation was carried out according to the standard saturated salt-chloroform extraction protocol after using a
BioSpec Pulverizer, whereas in the case of laser capture
microdissected tissue, DNA was extracted and purified
with addition of carrier RNA, using the QIAamp DNA
Micro Kit (Qiagen, Venlo, Netherlands cat. no. 56304),
according to the Isolation of Genomic DNA from Laser–
Microdissected Tissues protocol. In all cases, purity and
concentration of isolated DNA were measured using a
NanoDrop™ spectrophotometer.
Laser capture microdissection (LCM)
Prior to LCM, 7-μm sections of paraffin-embedded
tumor tissue were cut and placed on poly-L-lysine slides.
H&E staining was performed according to a standard
protocol from Zeiss Labs, Munich, Germany (http://www.
zeiss.de/microdissection). The white/opaque AdhesiveCap tubes, size 200 µl, were used and non-contact LCM
of selected cells was performed using the PALM MicroBeam (Zeiss, Munich, Germany).
Mutation detection
Exons 9 and 20 of PIK3CA were PCR-amplified and
directly sequenced using the Sanger method. All primer
sequences and PCR conditions used are available upon
request. Cycle sequencing reactions were performed using the v3.1 BigDye Terminator Cycle Sequencing kit
(Applied Biosystems, Foster City, CA), and then analyzed
on an ABI Prism® Genetic Analyzer. Sequences obtained
were aligned against reference sequences from the Genbank, and examined for the presence of variants. Finally,
we screened the Catalogue Of Somatic Mutations In Cancer (the COSMIC database, http://cancer.sanger.ac.uk/
cosmic), which is the largest and most comprehensive
relative resource in the world, in order to possibly detect
therein the variants identified in this work and assess
their impact as somatic mutations in human bladder
cancer.

The study protocol and the informed consent forms
RNA isolation and RT-PCR
were approved by the Bioethics Committee of the SisIn order to detect and analyze the levels of PIK3CA,
manogleion General Hospital. The 65 patients included
in this work referred to the Sismanogleion General Hos- PIK3R1, and PTEN gene expression, we performed toJBUON 2019; 24(1): 330
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tal RNA extraction from 65 snap-frozen tumor tissues, were repeated at least three times, to ensure statistical
plus 13 normal bladder samples as controls, using ΤRI accuracy.
REAGENT (Molecular Research Center Inc, Cincinnati,
OH). Subsequent cDNA synthesis was carried out using Immunohistochemistry
M-MLV RT (Life Technologies, Carlsbad, CA).
Immunostaining was performed using monoclonal
antibodies against p-AKT and PTEN (Cell Signaling, BevDensitometry
erly, MA) at a dilution of 1:100, overnight. For better
The band intensity on PCR photographs from aga- antigen retrieval, tissue sections were pretreated with
rose-gel-electrophorized RT-PCR samples was quan- microwaving at 750 W, in 0.01 mol/L sodium citrate
titated by densitometry using the BandLeader image buffer (pH 6.0) for 30 min. A standard two-step streptaanalysis software. The intensity of the bands repre- vidin peroxidase technique was used. Tumor samples
senting the PIK3CA, PIK3R1 and PTEN RT-PCR prod- known to overexpress p-AKT or PTEN were used as posiucts was normalized to the intensity of the band for the tive controls, whereas negative controls had the primary
GAPDH housekeeping gene and is expressed as a ratio antibody omitted and replaced by phosphate buffered
of relative band intensities. All RT-PCR experiments saline (PBS). Evaluation of the sections was carried out
Table 1. PIK3CA (p110), PIK3R1 (p85) and PTEN mRNA expression in normal vs bladder tumor tissues
Normal

Mean (SD)

Tumor

Mean (SD)

p value

n=13
n=13

p85/GAPDH
p110/GAPDH

0.67 (0.257)
0.81 (0.097)

n=60
n=61

p85/GAPDH
p110/GAPDH

0.77 (0.096)
0.56 (0.057)

0.086
<0.001

n=13

PTEN/GAPDH

0.81 (0.108)

n=61

PTEN/GAPDH

0.40 (0.038)

<0.001

Table 2. p-AKT expression in relation to p-AKT cellular localization in superficial bladder tumors using immunohistochemistry
p-AKT expression
p-AKT cellular localization

Negative
n (%)

Weak
n (%)

Moderate
n (%)

Strong
n (%)

Total
n

Negative
Cytoplasmic

11 (100)
0 (0)

0 (0)
10 (52.6)

0 (0)
4 (21.1)

0 (0)
5 (26.3)

11
19

Nuclear

0 (0)

1 (50)

0

1 (50)

2

Mixed

0 (0)

6 (18.2)

7 (21.2)

20 (60.6)

33

Total

11 (16.9)

17 (26.2)

11 (16.9)

26 (40.0)

65

Fisher’s exact

p<0.001

Table 3. p-AKT expression in relation to p-AKT cellular localization in infiltrating bladder tumors using immunohistochemistry
p-AKT expression
p-AKT cellular localization

Negative
n (%)

Weak
n (%)

Moderate
n (%)

Strong
n (%)

Total
n

Negative
Cytoplasmic

5 (100)
0 (0)

0 (0)
0 (0)

0 (0)
0 (0)

0 (0)
1 (100)

5
1

0 (0)

0 (0)

0 (0)

0 (0)

0

Mixed

0 (0)

5 (36.4)

5 (36.4)

4 (27.3)

14

Total

5 (25.0)

5 (25.0)

5 (25.0)

5 (25.0)

20

Nuclear

Fisher’s exact

p=0.002

Table 4. p-AKT cellular localization in relation to staging in bladder tumors using immunohistochemistry
Stage
p-AKT expression

T1
n (%)

T2
n (%)

Total
n

Weak
Moderate

8 (40.0)
1 (6.7)

12 (60.0)
14 (93.3)

20
15

Strong

20 (74.1)

7 (25.9)

27

Total

29 (46.8)

33 (53.2)

62

Fisher’s exact

p<0.001

JBUON 2019; 24(1): 331

PI3K/AKT alterations in bladder cancer

332

by two independent observers without knowledge of the
clinical data and similar results were obtained. Semiquantitative measurement of p-AKT and PTEN expression was performed by simultaneous scoring of staining
intensity and localization, as previously described [25],
on a scale from 0 to +++, corresponding to negative (0),
weak (+), moderate (++) and strong (+++) immunoreactivity. The findings were then correlated to tumor characteristics (Tables 2-8). All immunostaining experiments
were repeated at least three times.

Statistics
Statistical analyses were performed with the use of
SPSS V.16 (IBM, USA). More specifically, statistical significance of comparisons regarding mRNA gene expression was determined using the unpaired Student’s t-test,
whereas in the statistical evaluation of all immunohistochemically detected levels of protein expression the
Fisher’s exact test was applied. P<0.05 was considered
as statistically significant.

Table 5. PTEN expression in relation to grade in superficial bladder tumors using immunohistochemistry
Grade
PΤΕΝ expression

G1
n (%)

G2
n (%)

G3
n (%)

Total
n

Negative
Weak

0 (0)
3 (25.0)

1 (20.0)
5 (50.0)

5 (80.0)
3 (25.0)

6
11

Moderate

0 (0)

0 (0)

7 (100)

7

Strong

0 (0)

14 (78.6)

4 (21.4)

18

3 (6.3)

20 (50.0)

19 (43.8)

42

Total

Fisher’s exact

p=0.002

Table 6. PTEN expression in relation to grade in infiltrating bladder tumors using immunohistochemistry
Grade
PΤΕΝ expression

G1
n (%)

G2
n (%)

G3
n (%)

Total
n

Negative
Weak

3 (6.9)
0 (0)

21 (55.2)
0 (0)

14 (37.9)
1 (100.0)

38
1

Moderate

0 (0)

0 (0)

3 (100.0)

3

Strong

0 (0)

0 (0)

3 (100.0)

3

3 (5.9)

21 (47.1)

21 (47.1)

45

Total

Fisher’s exact

p=0.01

Table 7. PTEN expression in relation to PTEN cellular localization in superficial bladder tumors using immunohistochemistry
PTEN expression
PTEN cellular localization

Negative
n (%)

Weak
n (%)

Moderate
n (%)

Strong
n (%)

Total
n

Negative
Cytoplasmic

0 (0)
0 (0)

0 (0)
8 (22.9)

0 (0)
7 (20.0)

0 (0)
20 (57.1)

0
35

Nuclear

0 (0)

0 (0)

0 (0)

2 (100.0)

2

Mixed

0 (0)

7 (25.0)

8 (28.6)

13 (46.4)

28

Total

0 (0)

15 (23.1)

15 (23.1)

35 (53.8)

65

Fisher’s exact

p<0.05

Table 8. PTEN expression in relation to PTEN cellular localization in infiltrating bladder tumors using immunohistochemistry
PTEN expression
PTEN cellular localization

Negative
n (%)

Weak
n (%)

Moderate
n (%)

Strong
n (%)

Total
n

Negative
Cytoplasmic

0 (0)
0 (0)

0 (0)
1 (33)

0 (0)
3 (67)

0 (0)
0 (0)

0
4

Nuclear

1 (13)

7 (63)

1 (13)

1 (13)

10

Mixed

0 (0)

7 (56)

3 (22)

3 (22)

13

Total

1 (5.0)

15 (55.0)

7 (25.0)

4 (15.0)

27

JBUON 2019; 24(1): 332

Fisher’s exact

p>0.05

PI3K/AKT alterations in bladder cancer

Results
Identification and characterization of PIK3CA
mutations
No mutations were detected within the coding region of exons 9 and 20 of PI3KCA gene using genomic DNA from 65 snap-frozen tumors.
Therefore, we decided to look for possible mutations in 25 out of the initial 65 samples using
paraffin-embedded laser-capture-microdissected
bladder cancer tissues. In these microdissected
samples, we were able to identify the following
three mutations: 1) c.3140A>G (p.His1047Arg);
2) c.[3172A>T(;)3174C>T] (p.lle1058Phe); and 3)
c.3203dupA (p.Asn1068Lysfs*5) (Figure 1). We
have found that all three are already included in
the COSMIC database with the following mutation
ID numbers: 1) COSM775, 2) COSM30606, and 3)
COSM249879. Variant c.3203dupA is a frameshift
mutation creating a premature termination codon,
and thus it is pathogenic. The remaining two genetic alterations are missense mutations that are
predicted as pathogenic in the above database, with
the use of the Functional Analysis through Hidden
Markov Models (FATHMM) tool (http://fathmm.
biocompute.org.uk/).
PIK3CA, PIK3R1 and PTEN mRNA expression in normal vs bladder tumor tissues
In order to assess the possibility of expression dysregulation at the mRNA level of PIK3CA,
PIK3R1 and PTEN genes in bladder tumors, mRNA
expression values of these genes in normal bladder
were compared to the ones in malignant tissues
with the use of Student’s t-test (Table 1). No significant difference or meaningful result was found
for PIK3R1 or PIK3CA between the two tissue types
(t=1.382, p=0.086; t=8.970), whereas, for PTEN,
mean values in controls versus malignant tissues
were shown to be significantly higher (t=13.510,
p<0.001) (Table 1). Therefore, downregulation of
PTEN mRNA expression is an important parameter
in bladder carcinogenesis.
Expression and cellular localization of p-AKT and
PTEN
Eighty two percent of the low grade superficial
bladder carcinoma cases were found to express pAKT in the cytoplasm (29%), the nucleus (4%), or
both (49%), whereas the mixed cytoplasmic plus
nuclear immunohistochemical (IHC) localization
pattern of p-AKT expression was detected in almost
93% of the high grade infiltrating tumors (p<0.001)
(Tables 2 and 3). Moreover, strong p-AKT expression in bladder cancer samples was found to exhibit
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significant correlation with T1 tumor stage (74.1%,
p<0.001) (Table 4).
PTEN IHC staining was seen more often in low
grade superficial tumors (86%) than in high grade
infiltrating carcinomas (16%) (Tables 5 and 6), with
strong PTEN expression being less prominent in
superficial G3 samples (21.4%, p<0.001) (Table 5),
whereas PTEN nuclear expression was more frequent in infiltrating tumors (37%) than in superficial ones (3.5%) (Tables 7 and 8).

Discussion
A number of genes of the PI3K/AKT pathway
have been found to be mutated or exhibit alterations in expression pattern at the mRNA or the
protein level in a variety of human cancers [26-28],
while also associating activation of this pathway
with bladder carcinogenesis [1,19,29]. Nevertheless, because the details of the above association
are not completely solved yet, we decided to further
investigate a number of critical relative parameters, such as PI3KCA mutations, PIK3CA, PIK3R1,
and PTEN expression patterns at the mRNA level,
as well as expression levels and cellular localization of p-AKT and PTEN in a new cohort of urinary
bladder tumors from the Greek population.
Using genomic DNA from 65 snap-frozen tumors, we were unsuccessful in our attempt to identify mutations within the coding region of exons
9 and 20 of PI3KCA in our cohort. Since PIK3CA
structural alterations are considered a relatively
frequent event in bladder carcinogenesis, we additionally performed laser capture microdissection
in 25 unselected samples within the original set of
65 bladder tumor specimens. This time, we were
able to identify 3 mutations (12%). All mutations
have been reported previously as pathogenic in
the COSMIC database, but two out of the three are
encountered here for the first time in the frame of
bladder cancer.
Missense mutation c.3140A>G (p.His1047Arg)
is quite common, since it has already been found
in breast cancer (in 1352 samples), colorectal (355),
endometrial (167), ovarian (102), pharyngeal (43),
bladder (30), melanoma (6), etc (Figure 1a). In our
case, it was detected in a Ta/G2 superficial tumor
exhibiting strong p-AKT expression localized both
in the cytoplasm and the nucleus, with moderate
cytoplasmic (40%) expression of PTEN. Missense
mutation c.[3172A>T(;)3174C>T] (p.lle1058Phe)
was found in a T2a/G3 tumor, exhibiting no infiltration (Figure 1b). It showed moderate cytoplasmic
(40%) p-AKT expression and strong cytoplasmic
(60%) expression of PTEN. Previously, it has been
detected in 4 independent tumor samples (3 endoJBUON 2019; 24(1): 333
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A

B

C

Figure 1. (A) PIK3CA missense mutation c.3140A>G (p.His1047Arg) detected in a Tα/G2 superficial bladder tumor,
which was found to exhibit strong cytoplasmic and nuclear p-AKT expression with moderate cytoplasmic (40%) expression of PTEN. The arrow shows the observed A to G base pair substitution, resulting in a His to Arg amino acid change
in the protein. (B) PIK3CA missense mutation c.[3172A>T(;)3174C>T] (p.lle1058Phe) found in a T2α/G3 bladder tumor,
exhibiting infiltration. This tumor showed moderate cytoplasmic (40%) p-AKT expression and strong cytoplasmic expression (60%) of PTEN. The arrows show the observed A to T and C to T base pair substitutions, resulting in an Ile to
Phe amino acid change in the protein. This mutation was detected here for the first time in bladder cancer. (C) PIK3CA
frameshift mutation c.3203dupA (p.Asn1068Lysfs*5) in a Tα/G2 superficial bladder tumor exhibiting strong cytoplasmic (70%) p-AKT expression and strong cytoplasmic (40%) plus nuclear (60%) expression of PTEN. The arrows show the
observed A duplication, resulting in a frameshift which produces a premature stop codon 5 triplets after the mutation.
This mutation was detected here for the first time in bladder cancer.
JBUON 2019; 24(1): 334
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A

B

C

Figure 2. (A) Strong cytoplasmic (simple arrows) and
nuclear (double arrow) immunohistochemical staining of
p-AKT in superficial low grade carcinoma of the bladder
(IHCx400). (B) Weak, mainly cytoplasmic p-AKT immunohistochemical staining (arrows) in high grade infiltrating
carcinoma of the bladder (IHCx400). (C) Strong, mainly
cytoplasmic PTEN immunohistochemical staining in the
superficial part (thin arrow), and mainly nuclear PTEN
staining (thick arrow) in the deeper, infiltrating part of
urothelial carcinoma (IHCx400).
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metrial and 1 colorectal). This is the first time to be
identified in bladder cancer. Frameshift mutation
c.3203dupA (p.Asn1068Lysfs*5) was seen in a Ta/
G2 superficial tumor exhibiting strong cytoplasmic
(70%) p-AKT expression and strong cytoplasmic
(40%) plus nuclear (60%) expression of PTEN (Figure 1c). This is also a rather uncommon mutation
seen in only 3 tumor samples before this report (2
breast and 1 colorectal), while this is the first time
to be reported in a bladder tumor specimen. Based
on the above, all three bladder tumor samples with
mutant PIK3CA were found to possess an upregulated PI3K/AKT pathway.
Next, we analyzed the mRNA expression of
PIK3CA, PIK3R1 and PTEN genes in bladder tumors
compared to normal urothelium. No meaningful
statistically significant differences were identified
regarding the expression levels of PIK3CA and
PIK3R1. But, PTEN was found to be statistically
significantly downregulated in tumor samples (Table 1). This coincides with previous relative findings, and fits well to the current model of cytoplasmic and nuclear PTEN playing a multitude of roles
regarding tumor suppression [30,31].
Once we have identified PIK3CA mutation and
PTEN downregulation in our bladder tumor samples, as a final step, we sought to study protein
expression levels and localization patterns for pAKT and PTEN in the same tumor samples. As a
general rule, in this work, p-AKT was found to be
upregulated in low grade superficial carcinomas,
exhibiting a mainly combined cytoplasmic and
nuclear expression (Figure 2a). On the contrary, in
high grade infiltrating carcinomas expression was
downregulated and mainly cytoplasmic (Figure 2b).
This fits well to a hypothesis of PI3K/AKT pathway
activation earlier during carcinogenesis, whereas
in more malignant tumors, when additional oncogenic pathways are becoming activated, this signaling route likely becomes redundant and thus
downregulated [17,32,33].
Regarding PTEN, in superficial low grade carcinomas we observed weak cytoplasmic expression with nuclear localization being low or absent,
whereas a stronger and mainly nuclear expression
was detected in high grade infiltrating carcinomas
(Figure 2c). This is in accordance with the wellestablished activity of PTEN in the cytoplasm, as
well as with the currently conceived multiple roles
played by nuclear PTEN in genome stability, DNA
repair and cell cycle control [31,34].
In this work, we have identified three pathogenic PIK3CA mutations, two of which were detected for the first time in bladder tumors, and found
that PTEN mRNA expression was downregulated in
bladder cancer tissues compared to normal bladder
JBUON 2019; 24(1): 335
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epithelium. More specifically, mutations in PIK3CA
and PTEN mRNA downregulation were detected
mainly in superficial tumors. In agreement with
this, AKT was found to be phosphorylated in the
cytoplasm and the nucleus of low grade tumors,
whereas in infiltrating carcinomas p-AKT was
shown to be downregulated. Finally, weak, mainly
cytoplasmic PTEN expression was observed in superficial tumors, with stronger nuclear expression
of PTEN being mainly confined to the infiltrating
tumor areas, in order to possibly control the severe
genomic instability of high grade bladder tumors.
Taken together, our results suggest that PI3K/AKT
pathway activities are crucial for cancer initiation
and progression in the bladder urothelium, where-

as components of this pathway like PIK3CA, p-AKT
and nuclear PTEN could eventually be used along
with other biomarkers for prognosis and selection
of appropriate therapy in the clinical management
of bladder cancer.
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