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PIK3CA Mutational Analysis in Formalin-Fixed, Parafn-Embedded
Archival Tissues of Urothelial Carcinoma of Urinary Bladder 

ABSTRACT
Urothelial carcinoma of the urinary bladder is the fourth most common cancer in males in the United States. In addition to
mutations in  FGFR3,  TP53,  AKT1,  TSC1,  and  PTEN genes,  mutations in  PIK3CA have been also described in  urothelial
carcinomas, preferentially in low-grade tumors. Herein, we evaluated the presence of PIK3CA mutations in exons 1, 9, and 20 in
21 urothelial carcinomas of the urinary bladder. Patients were treated by radical cystectomy without neoadjuvant chemotherapy.
Representative tissue blocks (1 for each case) were selected. We used a pinpoint DNA extraction technique from formalin-fixed,
paraffin-embedded and mutational  analysis  using the polymerase chain  reaction (PCR)  assay coupled with  sequencing of
targeted exons.  Patients  included 15 men and 6 women, with  a median age of  68 years (range,  42 to 76 years),  with 3
noninvasive  and  18  invasive  urothelial  carcinomas.  Noninvasive  carcinomas included  1  case  each  of  low-grade  papillary
urothelial carcinoma, high-grade papillary urothelial carcinoma, and urothelial carcinoma in situ (CIS). Invasive tumors included
3 pT1, 5 pT2, 6 pT3, and 4 pT4 urothelial carcinomas. We did not find mutations in the analyzed exons of the PIK3CA gene, in
any  of  the  21  urothelial  carcinomas.  The  preponderance  of  invasive  high-grade  and  high-stage  tumors  could  explain  the
absence of identifiable mutations in our cohort.  PIK3CA mutations as prognosticators of outcome or predictors of therapeutic
response await further evaluation.
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INTRODUCTION
Urothelial carcinoma of the urinary bladder is

the fourth most common cancer in males in the United
States, with an estimated 52,760 new cases for 2010
[1]. The majority of the tumors are low grade, nonmus-
cle invasive tumors, associated with a good prognosis.
However,  approximately  one-quarter  of  patients  with
bladder cancer are diagnosed with muscle-invasive tu-
mors, with a significant risk of progression and a short-
ened survival [2]. It has been suggested that these two
phenotypes of tumors progress through different path-
ways, which accounts for  the differences in biological
behavior.  Low-grade,  noninvasive  tumors  show  high
frequency in FGFR3 mutation, whereas TP53 mutations
are associated with muscle-invasive tumors [3]. In addi-
tion to mutations in AKT1, TSC1, and PTEN [4,5], muta-
tions in PIK3CA have been also described in urothelial
carcinomas,  preferentially  in  low-grade  tumors  [6-12].
Herein, we evaluate the presence of PIK3CA mutations
in exons 1, 9, and 20 in 21 patients with urothelial carci-

nomas of the urinary bladder. For this purpose, we use
the polymerase chain reaction (PCR) coupled with se-
quencing of the targeted exons in formalin-fixed, paraf-
fin-embedded tumor samples.

MATERIAL & METHODS
Tissue Selection

Formalin-fixed, paraffin-embedded tissue sam-
ples of 21 patients with urothelial carcinoma of urinary
bladder  were selected from the pathology files of  the
Johns Hopkins Medical Institutions (Baltimore, MD). Pa-
tients  were  treated  by  radical  cystectomy  without
neoadjuvant  chemotherapy.  Representative  tissue
blocks (1 for each case) were selected for microdissec-
tion and DNA extraction.

DNA Extraction  from Formalin-Fixed,  Paraffin-Em-
bedded Tissue
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Tumor areas were identified in routine sections
stained with Hematoxylin and Eosin and 10 unstained
sections  (10  µm thick)  from each  paraffin-embedded
specimen were obtained. DNA isolation of the targeted
tissue area on tissue sections was done using DNA Iso-
lation  System.  A  drop  of  pinpoint  solution  (Pinpoint
Slide DNA Isolation System; Zymo Research, Orange,
CA) was applied to the mapped area of the tumor (ap-
proximately 5 × 5 mm2). Next, the targeted tumor tissue
was microdissected with a scalpel and placed in a PCR
tube. The excised tissues were digested in proteinase K
buffer solution at 55°C for 8 hours, then at 97°C for 10
minutes.

PIK3CA Mutation Screening
PCR  reactions  were  prepared  with  1X  PCR

Buffer, 1.5 mM MgCl2, 500 μM dNTPs (Applied Biosys-
tems; Foster City, CA), 1.5 U AmpliTaq Gold (Applied
Biosystems; Foster City, CA), and 500 nM each primer
(Table 1) in a 50 μl reaction. Six PCR reactions were
performed to span the target regions: 2 covering exon
1;  1 covering exon 9;  3 covering exon 20. Reactions
were heated to 95ºC for 9 min followed by 35 cycles of
95ºC for 30 sec, 53ºC for 30 sec and 72ºC for 1 min,
followed by a final extension at 72ºC for 7 min. Eight mi-
croliters  of  amplification  product  were  separated  by
agarose (2%) gel electrophoresis to verify product. Am-
plification products were purified using QIAquick Spin
Columns according to manufacturer’s protocol (Qiagen;
Valencia,  CA).  Amplification  products  were  cycle  se-
quenced  at  an  outside  facility  using  Big  Dye  v3.1
reagents  (Applied  Biosystems;  Foster  City,  CA).  Se-
quencing was performed in the forward and reverse di-
rections using the PCR primers as sequencing primers.
Sequencing  products  were  purified  using  CleanSEQ
Dye Terminator Removal reagents (Agencourt; Beverly,
MA) and automated sequencing performed by capillary
electrophoresis (CE) on an ABI3700 Avant genetic ana-
lyzer (Applied Biosystems; Foster City, CA). Sequence
was  analyzed  with  Sequencher  4.6  software  (Gene
Codes Corporation, Ann Arbor, MI).

RESULTS
Clinicopathologic Data

Group of  patients  was composed of  15 men
and 6 women, with a median age of 68 years (range
42–76 years). Cases included 3 noninvasive and 18 in-
vasive urothelial  carcinomas.  Noninvasive carcinomas
corresponded  to  1  case  each  of  low-grade  papillary
urothelial carcinoma, high-grade papillary urothelial car-
cinoma, and “flat”  in situ urothelial carcinoma. Invasive
tumors included 3 pT1, 5 pT2, 6 pT3, and 4 pT4 urothe-
lial carcinomas.

PIK3CA Mutation Analysis of exons 1, 9, and 20
In 2 cases (1 pT2 and 1 pT4), PCR reactions

were not informative for any of the analyzed exons. In 3
additional cases (1 pT1, 1 pT3, and 1 pT4), the PCR re-
action was not informative for exon 9. In all the remain-
ing cases and exons, no evidence of PIK3CA mutations
was found (Figure 1).

DISCUSSION
Herein, we evaluated the presence of PIK3CA

mutations in urothelial carcinoma of the bladder using
formalin-fixed, paraffin-embedded archival tissues. En-
tire exons 1, 9, and 20 were covered using the PCR as-
say coupled with sequencing of the targeted exons. No
PIK3CA mutations were identified in any of the 21 pa-
tients under examination. Our results differ from previ-
ous studies, in which PIK3CA mutations were identified
in  13% to  27%  of  bladder  tumors  [6-8,11,12].  Since
most of  our cases were high-grade urothelial carcino-
mas, this discrepancy might be due to the association
between  PIK3CA mutation and lower tumor grade, as
suggested  by  previous  studies  [6-8],  and  discussed
below. 

PIK3CA mutations have been previously char-
acterized  in  bladder  cancer.  López-Knowles  et  al
sought for mutations in exons 9 and 20 of PIK3CA us-
ing  paraffin-embedded  tissue  from  87  patients  with
bladder  cancer  [6].  Eleven  (13%)  tumors  harbored
PIK3CA mutations, and the prevalence was significantly
higher in low-grade tumors. In the same study, authors
reported  PIK3CA mutations in 26% of 43 patients with
papillary urothelial neoplasm of low malignant potential
(PUNLMP). Similar results were found by Platt et al who
identified PIK3CA mutations in 27% of 92 tissues sam-
ples [7]. They also observed a significant relationship
with tumor grade but not with tumor stage. Kompier et
al evaluated 257 patients with bladder tumor and found
PIK3CA mutations in 24% of the tissue samples [8]. Al-
though the prevalence of PIK3CA mutations was higher
in  low  grade  tumors,  there  was  no  statistical  signifi-
cance regarding tumor grade. In another recent study,
Sjödahl  et al investigated the role of several genes in
urothelial  carcinomas,  including  PIK3CA and  PIK3R1
[10]. PIK3CA was mutated in 37 of 218 patients (17%),
and was associated with low grade tumors. In contrast
to previous studies, higher proportion of tumors harbor-
ing  PIK3CA mutation  was  seen  in  pTa  tumors  com-
pared to pT1 tumors. However,  the difference did not
hold between pT1 and muscle-invasive (≥ pT2) tumors.
Our results confirm the feasibility of PIK3CA mutational
analysis  in  formalin-fixed,  paraffin-embedded  tissue
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samples  and the  rarity  of  PIK3CA mutations  in  high-
grade and muscle-invasive urothelial carcinomas.  

The usefulness of PIK3CA mutations as prog-
nostic  factors has been also explored.  Lindgren  et  al
classified urothelial carcinomas in 2 groups defined by
gene expression, and found that PIK3CA mutations are
significantly more frequent in the subtype of tumor that
is related to a better prognosis [9]. However, Kompier
et al found that PIK3CA mutations are not independent
predictors  of  tumor recurrence,  tumor  progression,  or
disease specific survival [8]. Nevertheless, in the afore-
mentioned  study,  patients  with  recurrence  showed  a
100% concordance in the type of PIK3CA mutation be-
tween tumor samples. This finding suggests a potential
utility for  PIK3CA in the screening and follow-up of pa-
tients with bladder tumors harboring such mutation. An-
other direction for future studies could be the putative
impact  of  PIK3CA mutations  in  the  therapeutic  re-
sponse of patients with superficially-invasive urothelial
carcinomas treated locally.

In conclusion, we analyzed 21 formalin-fixed,
paraffin-embedded samples from patients with urothe-
lial carcinomas of the urinary bladder, seeking to iden-
tify  PIK3CA mutations.  Exons 1, 9, and 20 were fully
covered using a pinpoint DNA extraction technique and
PCR  assay.  We  did  not  find  any  mutations  in  the
PIK3CA gene.  Most  of  our  cases  were  high-grade
and/or high-stage tumors, which could explain the ab-
sence of identifiable mutations. The role of PIK3CA mu-
tations as prognosticators of outcome or predictors of
therapeutic response awaits further evaluation.

DISCLOSURE
This  study  was  supported  by  The  Johns  Hopkins
Medicine - Patana Fund for Research, PO1# CA077664
NCI/NIH Grant, David H. Koch Prostate Cancer Fund,
and  the  Flight  Attendant  Medical  Research  Institute
(FAMRI) Clinical Innovator Award.



Rev UN Med 2013 2(1): 45-53

REFERENCES
1. Jemal A, Siegel R, Xu J, Ward E. Cancer statistics, 2010. CA Cancer J Clin 2010;60:277-300.
2. Netto  GJ.  Molecular  diagnostics  in  urologic  malignancies:  a  work  in  progress.  Arch  Pathol  Lab  Med

2011;135:610-21.
3. Netto  GJ,  Epstein  JI.  Theranostic  and  prognostic  biomarkers:  genomic  applications  in  urological

malignancies. Pathology 2010;42:384-94.
4. Knowles MA, Platt  FM, Ross RL,  Hurst CD. Phosphatidylinositol  3-kinase (PI3K) pathway activation in

bladder cancer. Cancer Metastasis Rev 2009;28:305-16.
5. Yuan TL, Cantley LC. PI3K pathway alterations in cancer: variations on a theme. Oncogene 2008;27:5497-

510.
6. Lopez-Knowles  E,  Hernandez  S,  Malats  N,  et  al.  PIK3CA  mutations  are  an  early  genetic  alteration

associated with FGFR3 mutations in superficial papillary bladder tumors. Cancer Res 2006;66:7401-4.
7. Platt FM, Hurst CD, Taylor CF, Gregory WM, Harnden P, Knowles MA. Spectrum of phosphatidylinositol 3-

kinase pathway gene alterations in bladder cancer. Clin Cancer Res 2009;15:6008-17.
8. Kompier LC, Lurkin I, van der Aa MN, van Rhijn BW, van der Kwast TH, Zwarthoff EC. FGFR3, HRAS,

KRAS, NRAS and PIK3CA mutations in bladder cancer and their potential as biomarkers for surveillance
and therapy. PLoS One 2010;5:e13821.

9. Lindgren D, Frigyesi A, Gudjonsson S, et al. Combined gene expression and genomic profiling define two
intrinsic  molecular  subtypes  of  urothelial  carcinoma  and  gene  signatures  for  molecular  grading  and
outcome. Cancer Res 2010;70:3463-72.

10. Sjodahl G, Lauss M, Gudjonsson S, et al. A systematic study of gene mutations in urothelial carcinoma;
inactivating mutations in TSC2 and PIK3R1. PLoS One 2011;6:e18583.

11. Qian CN, Furge KA, Knol J, et al. Activation of the PI3K/AKT pathway induces urothelial carcinoma of the
renal pelvis: identification in human tumors and confirmation in animal models. Cancer Res 2009;69:8256-
64.

12. Serizawa RR, Ralfkiaer U, Steven K, et al.  Integrated genetic and epigenetic analysis of bladder cancer
reveals  an  additive  diagnostic  value  of  FGFR3 mutations  and  hypermethylation  events.  Int  J  Cancer
2011;129:78-87.


	PIK3CA Mutation Analysis of exons 1, 9, and 20

